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A MIDWESTERN OSCILLOGRAPH 


for every recording application 
This tabulation shows the many types of 


MIDWESTERN recording oscillographs 
available today. 
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NOTES o Using MIDWESTERN 102 Galvanometers. 
Dimensions 


include all external controis and Ao but do not include 


mating electrical connectors or shock-mount 3 
does not include shock-mount 


base. 
4) A low speed version of these models is available with all recordin 
reduced by @ factor of 


(5) U 


magazine capacities are with Kodak Linagraph Paper. Other 
standard —. fr or film may also ry na sage nny capacity 


le for the 580, 581, 590, and 591 Models. 


(6) May be operated from 28 volts dc, 15 amps max.; or 115 volts, 60 or 


. SUS MLR See 


iSite wide te ele anna! 


nO RUTTEN 





for complete details on the above oscillographs — 
and other MIDWESTERN test recording 


instruments and servo components — write 


MIDWESTERN INSTRUMENTS 
Alst and Sheridan Road * Tulsa, Oklahoma 


For more information circle 1 on inquiry card. 
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PPrCIRAIN...THE LEADER 


PERKIN 
DC POWER SUPPLIES 


2-36 VOLTS @ 15 AMPS spEciFICATIONS . 
Regulation: 5-32 Volt Range: + 42% 
2-5 Volt and 32-36 Volt Range: +2% 


AC Input: 105-125 Volts, (for 2-32 V.DC), 110-125 
V, (for 32-36 V.DC), 1 phase, 60 cps 
(8 amps) 


Ripple: 1% rms max. (@ 36 volts and full load. 
Increases to2% @ 2 volts and full load). 


Remote Sensing ¢ Vernier Control 


0-32 VOLTS @ 25 AMPS sPECIFICATIONS 


Regulation: +1% @ 28 Volts (Regulation increases 
to 2% over range of 24-32 volts; does 
not exceed 2 volts over 4-24 volt range. 
Not stabilized for AC line changes.) 


AC Input: 115 Volts, 1 phase, 60 cps (12 amps). 


1% rms (@ 32 volts and full load—2% 
rms max. @ any voltage above 4 volts). 


5-40 VOLTS @ 30 AMPS SPECIFICATIONS 


Regulation: +1% (over entire 5-40 volt range) 
AC Input: 100430 Volts, 1 phase, 60 cps 
Ripple: 1% rms 
Model a 
MR1040-30A 


24-32 VOLTS @ 30 AMPS SPECIFICATIONS 


Regulation: +Y%2% 


AC Input: 100-125 Volts, 1 phase, 60 cps (20 amps). 
(Unit rated for DC output of 28 volts 
+10% for 95-130 volt input.) 

Model Ripple: 1% rms 

28-30 WXM 


24-32 VOLTS @ 100 AMPS spEciFicATIONS 


Regulation: +%2% 


AC Input: 208, 230 or 460 Volts, +10%, 3 phase, 
60 cps (14, 12 and 6 amps respectively). 
230 volt input will be supplied unless 
otherwise specified. 

Model Ripple: 1% rms 


MR2432-100XA 


PERKIN SALES OFFICES: 


LRACLIN 


IN TUBELESS MAGNETIC AMPLIFIER REGULATION 


LEADER 


PERKIN ENGINEERING CORPORATION 


For more information circle 2 on inquiry card. 
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METAL [BE Sevitioe Riscanch 
ASSEMBLIES |iaeeeaene 


from your blueprints 


© Cabinets @ Cubicles 
© Consoles @ Chassis 
@ Enclosures e Weldments 
@ Panel Boards © Repetitive small 
and large parts 
made to your specifications in: 


Aluminum, Steel, Brass, 
Stainless Alloys, Copper, etc. 


THE Versatile = 
UNIVERSAL 88 POLYRANGER 


88 FULL SCALE RANGES. DC — 200 microamps. to 1.5 
amps., and 5 M.V, to 750 V. AC —10 M.A. to 3 amps., 
and 500 M.V. to 750 V. .5% accuracy. For use up to Ske. 
on voltage and 15 kc. on current. 5.2 hand drawn 
mirrored scale. Automatic temperature compensation. 


THE Versatile 
MODEL C 


POLYRANGER 


14 FULL SCALE RANGES. 
DC—1.5 M.A. to 10 amps., 
and 1 V. to 1000 V. 

Two combinations. .25% 
accuracy. 6.3" hand drawn 
mirrored scole. 








THE 
Versatile 





20 FULL SCALE 

, RANGES. AC—5 

< : : ° . M.A. to 10 amps., 

Complete design—engineering—production service. . and 5 V.to 2000V. 


Modern facilities for punching, shearing, bending, Two combinations. 
welding (including Heli-arc), baked and air dry = accuracy. 6.3" 
finishing. Large and small shapes—prototypes— ane —" — 
long and short runs. Our engineers may recommend . 

the use of Falstrom stock dies to reduce cost! 


Mail us your prints for prompt estimate | Inquiries Invited. Write for Bulletin P. 
or ask for bulletin 143a. 


Serving Industry Since 1870 


SENSITIVE RESEARCH 
INSTRUMENT CORPORATION 


NEW ROCHELLE, N. Y. 


FALSTROM) 
COMPANY | 
92 Falstrom Court, Passaic, N. J., PRescott 7-0013 | 


For more information circle 3 on inquiry card. For more information circle 4 on inquiry card. 
Page 1238—Instruments & Automation—Vol. 29 











Richard Rimbsch, Publisher 
Milton H. Aronson, Editor 
Fred D. Marton, Managing Editor 
Manoel F. Behar, Editor Emeritus 
James Emge, Associate Editor 
David S. Aland, Associate Editor 
Robert C. Nelson, Associate Editor 
Milo D. Pugh, Western Editor 
John H. McLeod, Jr., Associate Editor 

(Simulation Council Newsletter) 


Armand T. Gaudreau, Consulting Editor 
(Automation) 


District Offices and Managers 


Altadena, Calif., Milo D. Pugh & Asso- 
ciates: M. D. Pugh, 2721 N. Marengo 
Ave., SYcamore 7-2894: Hunter Vinton, 
1050 Lincoln Ave., Palo Alto, Callif., 
Davenport 5-4815 


Boston 16, Mass., Harold H. Short, Jr., 
Holt Road, Andover, Mass., Andover 
2212 


Chteago I, Ill, Harold W. Haskett, Room 
1205, 228 N. La. Salle St., Central 
6-8963 


Cincinnati 5, Ohio, Harold W. Haskett, 742 
Elberon Ave., Grandview 1-4323 


Dallas, Texas, H. N. Hollembeak, Fred 
Wright Co., 2307 Cedar Springs, Suite 
F, Prospect 0189 » 


Detroit 2, Mich., Blanchard W. Cleland, 
8242 Woodward Ave., Trinity 37676 


Kansas City 6, Missouri, Thomas W. Wright, 
18 East [Ith St., Telephone BAltimore 
7305 


New York 17, N. Y., Richard Rimbach, Jr., 
525 Lexington Ave., Rm. 359, Murray 
Hill 8-0980 


Philadelphia, Pa., Robert H. Maxwell, 7 
Wilde Ave., Drexel Hill, Pa., Clear- 
brook 9-4342 (Phila. Suburban) 


Pittsburgh 12, Pa., C. Goldcamp, 845 Ridge 
Ave., Fairfax 1-016! 


St. Louis 1, Mo., James Wright, 706 Chest- 
nut St., Chestnut 1-1965 


London. W.I, England, John C. N. Hughes, 
Crown House, 143-147 Regent St., Re- 
gent 389! 


SUBSORIPTION RATES 
For One, Two, and Three Years 
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July 1956 : 


Editorial 


The Social Reactor—About to Explode? 
Are We Thinking Too Small? 


Feature Articles 


High-Speed Digital Conversion 
Martin Klein, Frank K. Williams and Harry C. Morgan 


Computer Control of a Rolling Mill Schedule 
A. H. Kuhnel 


Solenoid and Motor Actuators 


C. S. Beard 


Electronic Circuitry 
Charles F. Kezer and Milton H. Aronson 


Suction Pyrometry 
T. Land 


Continuous Galvanizing 


Accelerometer Calibration by Ballistic Pendulum 
Alvin B. Kaufman 


Process Data—Digital or Graphic? 
Nathanial Brewer 


Timing Marker Generator 
Loren E. Bollinger 


The Simulation Council Newsletter 


Journal of the Southern California Mefer Association 


Selection and Installation of Remote Tank Gages 
H. Dickinson 


Other Regular Features 
Letters to the Editor eee 1291 
Inquiries Events Calendar 


Trends New Instruments 
Briefs 


Stock Report 
Biographies of 
Significance 


. culation. ‘ THE MAGAZINE OF INSTRUMENTATION AND AUTOMATIC CONTROL FOR 28 YEARS — SINCE JANUARY 1928 


Instruments and Automation (including Instrument Manufacturing) published monthly by The Instruments Publishing Company, Inc. Office of 
publication, 1600 North Main Street, Pontiac, Illinois. Executive and Editorial Office, 845 Ridge Avenue, Pittsburgh 12, Pennsylvania. Second class 
mail authorized at Pontiac, Illinois, Copyright 1956 by Instruments Publishing Company, Inc. 
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Editor, I&A: 


Subject: Terminology of Control 
Valves 
by Washburn & Milham, 
May issue, /&A. 

It seems that the authors, in se- 
lecting the term “Diaphragm Motor” 
as a standard, are years behind in 
their thinking. 

The term “motor” as applied to 
linear actuators started to wane years 
ago. Some companies still remember 
government inspectors insisting to be 
shown “motors” in Diaphragm Mo- 
tors. 

But let us leaf through May issue 
of I&A for ads and articles to gage 
current terminology: 

p. 833—Manning, Maxwell & Moore, 
Inc.—Electro-hydraulic Con- 
trol Valve Operator 

p. 873—Moog Valve Co., Inc.— 
Electro-hydraulic servo Ac- 
tuator 

p. 895—“Actuator Design” by C. S. 
Beard, Foster Engineering— 
Quote “A control valve has 
two basic parts: (1) A body 
comprising plug and asso- 
ciated parts and (2) an ac- 
tuator, comprising means for 
operating the plug.” 

p. 899—Standard classification and 
terminology for Power Ac- 
tuated Valves—Fluid Con- 
trol Institute. 

p. 919—Fisher Governor Company 
—Improved - Diaphragm 
Operator 

p. 949—Bristol Co.—Diaphragm 
Control Valve 

In addition: NED-518B6—Askan- 
ia Regulator Company—Electro Hy- 
Traulic Valve Actuator 

I&A, p438—Keystone Valve Corp. 
—Diaphragm Actuator—Electric Ac- 
‘uator—Hydraulic Actwator—Gear 
4ctwator— 

Term “motor” as applied to linear 
ictuators is nowhere used. So, why 
was it recommended? 

The objective of tlie termin- 
slogy is not to choose words just be- 
‘ause such were in vogue years ago 
ind may have sentimental value to 
some, but to evaluate, to rationalize, 


‘o simplify and to select so as to elim- 


nate ambiguity and misuse. 
“The Integration of Concepts in 








the Terminology of Measurement and 
Control” by H. L. Mason admirably 
expresses the objectives, duties and 
methods in developing rational ter- 
minology. 

In my opinion the authors failed to 

. apply fundamental concepts; in- 
stead they took the easy road to 
champion the redundant, superfluous, 
undoubtedly due for revision term 
“Motor Operator” from ASME defi- 
nition 702A, which is on the way to 
oblivion: “A Motor Operator is that 
portion of the controlling means 
which applies power for operating 
final control element.” 

To satisfy broad fundamental con- 
cepts, as have been adopted by num- 
ber of industries and as currently 
used by competent writers ... ASME 
definition should read: 

“An Actuator is that portion of the 
controlling means which applies pow- 
er for operating final control ele- 
ment.” 

With overwhelming evidence of 
basic concepts well substantiated . . 
it is hoped that in consideration of 
the above the authors will withdraw 
their recommendation. 

Nikolai Belaef 
Chief Engineer 
Klipfel Valves, Inc. 
Hamilton, Ohio 





Editor, I&A: 
Subj: Standards for Sub-panels and 


Small Instruments 


In reviewing the “Letter to the 
Editor” by Mr. Harry G. Bangerter 
(in the June issue, /&A) we have as- 
sumed that his discussion is concen- 
trated primarily around basic indi- 
cating instruments. The following 
sketch and table reflect our interpre- 
tation of the problem: 
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engineered for 
longer life... 



















FE Dirataiier el ebittiniocs to be the 
foremost criterion for measuring 


“long-range effectiveness of electroni¢ 


components. IMC’s AC and DC sub- 
fractional, servo and gear motors, 
fans, blowers and dynamotors are 
built to assure that “extra” measure 
of life so important to designers of 
electronic instruments and systems. 
IMC manufactures its products to 
meet rigid JAN and MIL specifica- 
tions, extending life of both individual 
components and those end products 
in which they are incorporated. Re- 
search on bearings, greases and hous- 
ings further guarantees maximum 
life for all units in the line. 

IMC products have registered 
longer operating life than comparable 
devices in industrial and military ap- 
plications. Typical of such IMC units 
is the BT 1708 G-1 servo motor shown 
above. This two phase. motor, with 
stall impedance of 9000 ohms, oper-: 
ates at 60 cycles, 3300 free rpm. Two- 
pole servo weighs 1 1b.; has reference” 
winding voltage of 115 volts and-con- 


,trolled-winding voltage of 230-volts. 


IMC: products can. virtually : 
¢liminate your electronic component . 


“fe. problems. Our. catalog: describes 


5 Sie comaplehe ne go wi NS es ON : 









spectrometer 
leak 


detector... 


Check these 


features —— 


For even greater sensitivity... 
one part helium in 2,000,000 
parts of air... CEC offers the 
24-110 Leak Detector, de- 
scribed in Bulletin CEC 
1838-X2. 


If you've always wanted to test your 
product's leak tightness by the one sure, 
practical method known... mass spec- 
trometry ...here’s good news! For less 
than $3000, you can buy CEC’s new 
24-210 Leak Detector, a practical, 
proven instrument, so simple to oper- 
ate that you merely plug it in and start 
it. There is no extended pump-down 
period, no special training or experi- 
ence needed. Original investment is low 
... Operation is inexpensive ... and it 
will soon pay for itself through the 
quick, positive quality control it makes 
possible. Get the whole story .. . send 
today for Bulletin CEC 1830-X9. 


xe) am Ulakel-va 


$3000! 


NO COLD TRAP, NO CHARCOAL TRAP 
... requires no attention, no filling with 
refrigerants, no cooling water. 


POSITIVE SAFETY INTERLOCKS .... to pre- 
vent instrument damage due to improper 
or out-of-sequence operation. 


ECONOMICAL... helium gas only oper- 
ating-supply needed; uses little power. 


HIGHLY SENSITIVE . . . detects one part of 
helium probe gas in 300,000 parts air. 


HIGHLY SIMPLIFIED... etched circuits for 
compactness and reliability; only six tubes 
in entire chassis. 


COMPACT AND PORTABLE... measures 
only 1812” wide x 22” deep x 20%” high; 
weighs only 145 Ibs. ... perfect for bench- 
top operation; plugs into standard 115- 
volt, 60-cycle line. 


Consolidated Electrodynamics 
CORPORATION 
formerly Consolidated Engineering Corporation 
ELECTRONIC INSTRUMENTS FOR MEASUREMENT AND CONTROL 


300 North Sierra Madre Villa, Pasadena, California 


Sales and Service Offices in: Albuquerque, Atlanta, Boston, Buffalo, Chicago, Dallas, 
Detroit, New York, Pasadena, Philadelphia, San Francisco, Seattle, Washington, D. C. 
For more information circle 7 on inquiry card. 
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LETTERS —contINueD 


Insts./Panel 





Main Panel 
WwW H 
ox 7 
19X 8% 
19 X 121% 

Since there has been a general 
standardization during the past few 
years on instrument sizes, we would 
suggest that the dimensions and data 
contained in ASA Standard C39.1- 
1955 be followed. 

Of course, there will be instru- 
ments of special types which do not 
fall within these ASA Standard di- 
mensions but it would be hopeless as 
we see it to try to include everything 
that is available from the industry. 

R. K. Putnam 

Sales Mgr., Electrical Instruments 

Weston Electrical Instrument Corp. 


Newark 5, N. J. 


Editor, I&A: 


I think that it would be a good idea 
to have some “standard” sizes for 
smaller instruments so they can be 
mounted in “special” panels for 
standard 19” relay rack panels. 

We have little experience with 
customers who use our instruments 
in relay rack panels. I do know that 
when we are called upon to furnish 
a Simplytrol in a relay rack, there is 
a fair amount of waste space in- 
volved. Our bearing monitor could 
also be made smaller if there were 
some smaller panel that was a stand- 
ard size. 


John Saint-Amour 
Assembly Products, Inc. 
Chesterland, Ohio and 
Desert Hot Spring, Calif. 


Editor, I&A: 


We have reviewed with interest 
the “Letter to the Editor” (June, 
I&A) from a man engaged in the 
test group instrumentation at Doug- 
las Aircraft Company, pertaining to 
the consideration of adoption of a 
standard sub-panel size and standard 
sizes for small instruments. 

This may be considered, in our 
opinion, in the nature of a “Utopia” 
condition, but one that would be 
very difficult to realize. Each manu- 
facturer of test equipment has certain 
requirements that he desires to engi- 
neer into his product. These require- 
ments will reflect themselves in the 
size of the particular device. In addi- 
tion, for various reasons, each manu- 
facturer feels that the particular di- 
mensional configuration that he has 
given to his equipment is the most 
suitable for that purpose. 





For these two reasons, we believe 
that it would be quite difficult to get 
all of cur industry to agree that all 
equipment would be confined to cer- 
tain dimensional sizes. 

W. A. Beswick 

Vice President 

Phaostron Instrument & 
Electronic Company 

S. Pasadena, Calif. 


Editor, I&A: 


We hereby submit our comments 
on the standard panel recommenda- 
tions made by Harry G. Bangerter of 
Douglas Aircratt Company (in June, 
I&A). 

Of the smaller instruments which 
we manufacture we feel that they all 
could be arranged to fit one of the 
standard sizes as suggested. If such 
standard sizes are eventually adopted 
by the industry we would probably 
consider redesign of our smaller in- 
struments 
standardization. 

It is our feeling in general that 
standardization such as proposed is 
beneficial both to the user and the 
manufacturer of the product and we 
would therefore be in favor of such 
changes. 

John A. Pfingsten 
Acton Laboratories, Inc. 
Acton, Massachusetts 


Editor, I&A: 


With reference to your editorial, 
“Do You Know Your Instruments?” 
(March, I&A) I have the following 
comments: 

1. I agree that knowing an instru- 
ment and its components thor- 
oughly, as well as their character- 
istics, is very desirable. This is 
particularly true in the case of the 
technician who perhaps tries to 
carry out the desires of an engi- 
neer with an idea, but with a more 
general background. 

. I don’t believe it is practical, for 
the Instrument Application Engi- 
neer, for example, to know each 
instrument and its components as 
intimately as you have suggested, 
and at the same time know what 
he should about the various proc- 
cesses and their characteristics so 
as to do a good job of Instrument 
Application Engineering. In other 
words, I believe it is desirable to 
have an Instrument Engineer with 
considerable savvy for the proc- 
ess, or a Process Engineer with 
sufficient instrument knowledge to 
be able to utilize the information 


that can be gained from more 


specialized personnel, such as 


to accommodate — such- 


manufacturer’s representatives, or 

your own company’s technicians. 

These are the ones, in my opinion, 

that should really know the instru- 

ment characteristics, inside and 
out. 

In conclusion, it would be desir- 
able to know everything about every- 
thing, but there just aren’t that many 
hours in a day. 

Glen G. Gallagher 

Principal Instrument Engineer 
The Fluor Corp., Ltd. 

Los Angeles 22, Calif. 


Editor, 1&A: 
Shortly after I entered the U. S. A. 


in November, 1954, I saw your mag- 
azine for the first time and I have 
been reading it ever since. It is a 
wonderful publication, which gives 
me a lot of information. 

In your May °56 issue, (Inquiries 
A-90, P. 823) one of your readers 
seeks a tape recorder for a special 
application. 

I do not know whether the one I 
know is available, but it certainly 
will meet your reader’s specifica- 
tions: The recorder I have in mind 
is the AEG-type KL 25, (made in 
Germany), a portable machine with 
built-in amplifier; speaker; double 
speed; double track; a foot pedal for 
stop-record-run back and micro- 
phone. This recorder has a very good 
reputation in Europe and is sold in 
Holland for approximately $300.00. 
(Will be somewhat higher here). 

Edward J. Cator 


Product Development Engineer | 


Crawford Fitting Co. 
Cleveland 10, Ohio 


Thank you, Edward, for taking time 
to assist a fellow engineer with a 
problem—and for letting us know 
what you think of our es 4 


Editor, 1&A: 


Your tutorial article on CTC and 
the generalization of its meaning to 
Centralized Transport Control in 
May Instruments and Automation 
proved most interesting to me. How- 
ever, credit should be given to Mr. 
G. E. Fenimore of the CAA at In- 
dianapolis for the portion on Air 
Traffic Control; this portion of your 
article is similar to material in his 
AIEE Transactions paper of May, 
1955. 

The caption of your Figure 16, also 
from Mr. Fenimore’s paper, incor- 
rectly ascribes the magnetic drum 
storage to another manufacturer. Ac- 
tually, the magnetic drum storage 
and processing equipment was devel- 








STATHAM UNBONDED 
STRAIN GAGE TRANSDUCTION 


TEMPERATURE COMPENSATION 
OVER 315 F. INTERVAL 


PRESSURE ADAPTERS 
FOR CLOSED LINE APPLICATIONS 


1 Lele 4 Je) @ 4 
RESIN PRESSURE SEALS 


ABSOLUTE PRESSURE 
0-5 to 0-150 PSIA MODEL P130 
DIFFERENTIAL PRESSURE 
+ 25 and 0-5 to 0-150 PSID...MODEL P131 
GAGE PRESSURE 
0-5 to 0-150 PSIG MODEL P132 


+ 2.5 to 


BULLETIN MPT-1 


contains complete specifications 
on the foregoing 
pressure transducer models. 


All matters pertaining to sale or use of 
instruments of our manufacture 
are handled by engineering personnel 
directly from our Los Angeles plant. 


Please feel free to wire or 
telephone us collect whenever we 
may be of service. 
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A hs 
a —a complete line 


designed for 
high range— 
with stainless steel 
or beryllium copper 
construction. 





actual size 


Bourns — designer and manufacturer of its own Bourdon tubes—now brings this 
proved component to absolute and differential pressure potentiometers. Three instru- 
ment models are provided for an extensive range of applications. 


Model 704 

Differential Pressure Potentiometer — for corrosive fluids 
This unit has a stainless steel Bourdon tube and fittings, 

to withstand fuming nitric acid and other corrosive fluids. 

All mechanical joints are Heli-arc welded. The instrument will 
measure differential pressure between two high pressure sources. 


Model 705 

Absolute Pressure Potentiometer 

This absolute pressure potentiometer measures pressures 
in ranges of 0-100 to 0-1000 psia—extending the range 
of Bourns’Aneroid Capsule instruments. 


Model 706 


The Bourdon tube in this high range instrument is made 
of berryllium copper for use with non-corrosive fluids. 
With the low pressure port vented to the atmosphere, 
this unit can be used as a gage pressure instrument. 


All models have a durable stainless steel case... compact 
configuration... excellent linearity, resolution and hysteresis. 

The rugged linkage system and Bourdon tube assembly 

provide excellent shock, vibration and acceleration characteristics. 
All models are now in quantity production. 

Write for new literature. 


COPR. BL 


QURNS LABORATORIES 


General Offices: 6135 Magnolia Avenue Riverside, California 
Plants: Riverside, California—Ames, lowa 





For more information circle 9 on inquiry card. 


Page 1244—IJnstruments & Automation—Vol. 29 





pressure transducers 


Differential Pressure Potentiometer — for non-corrosive fluids 





LETTERS—CONTINUED 





A and built by Remington Rand 


nivac at St. Paul. 

This equipment was installed at 
Indianapolis in August, 1953 and 
has operated continuously ever since. 
The Teletype switching system was 
installed shortly after the storage 
equipment, and the data transfer and 
display equipment more recently. The 
latter equipment is described by Fen- 
imore in the AIEE Transactions, Vol- 
ume 74, Part I, May, 1955, pages 
145-149, The storage and processing 
equipment is described by me in the 
same issue of the Transactions, pages 
152-155, and also in Electrical Engi- 
neering for May, 1955, pages 374- 


$77. 
Robert M. Kalb 
Remington Rand Univac 
St. Paul W4, Minn. 


The two paragraphs and one illus- 
tration in question did indeed origi- 
nate from Mr. Fenimore's AIEE pa- 

er, and we are pleased to make pub- 
ic acknowledgement of it. The au- 
thors apologize for the mistake in 
attributing the Remington Rand mag- 
netic drum storage and processing 
pr goa to Teleregister. Both firms, 
of course, are leaders in the field of 
traffic-data handling. 


Editor, I&A: 


I have just completed reading your 
May issue of /nstruments and Auto- 
mation and am highly impressed 
with the unique coverage you have 
of this field. Keep up with the good 
work as a quality magazine such as 
I&A is indispensable in this indus- 
try. Although our laboratory receives 
1&A, 1 would like to enter subscrip- 
tions for myself and another staff 
member so that we may benefit from 
a personal file of your fine magazine. 

Frank P. Serio 
University of Illinois 
Urbana, Illinois 


Both personal subscriptions to the 
home and company subscriptions to 
the office are, of course, important. 
However, it is important to rote their 
difference. The latter are usually cir- 
culated more widely but read less 
thoroughly. The highest compliment 
we can receive is the above—per- 
sonal subscriptions from you who al- 
ready have company subscriptions or 
who see /&A only via circulation with- 
in a plant or laboratory. 


Editor, I&A: 


Re your March 1956 editorial 
“Do You Really Know Your Instru- 


ments,” I can’t help having the feel- 
ing that you are expecting too much 
of the instrument fraternity when 
you ask them to know the most inti- 
mate details concerning the wide va- 
riety of instruments available today. 
Instrument manufacturers maintain 
staffs of engineers because one group 
will specialize on one particular kind 
of instrument, e.g., electronic null 
balance instruments, and will know 
just about all there is to know about 
this particular type, while another 
group will specialize on certain con- 
trol systems, other types of instru- 
ments, etc. 

The field of instrumentation is al- 
ready so broad and enlarging so 
rapidly that the instrument engineer 
employed by the consumer has to be 
on his toes just to keep up with cur- 
rent instruments and has practically 
no time to learn the finer details of 
their operation. 

Since this is the era of accomplish- 
ment by teamwork, it seems practical 
to include the specialists of the in- 
strument manufacturer on the team. 


C. I. Glassbrook 
Stanford Research Institute 
Menlo Park, Calif. 


Editor, 1&A: 


Since the August 1955 issue of 
Instruments and Automation | have 
been following eagerly the letters col- 
umn regarding the iamous editorial 
“Automation and Culture.” It was in- 
deed a masterpiece. 

I have no comment on that edi- 
torial just at the moment but I am 
mailing you under separate cover 
some samples of “Poetry for the In- 
strument Engineer.” Your March 
1956 letters column suggested that 
contributions would be awaited, so 
here are some! 

The collection “Tales Without End” 
is an attempt to put into rhyme, and 
to commemorate, some memorable 
incidents and personalities I know 
about here at the Lycoming engine 
plant here in Williamsport, where 
some of us are working on Gas Tur- 
bine Compressors. I am in charge of 
the section . . . (There also) is a 
Song of Instruments which tells the 
tale of troubles with a defective man- 
ometer bank; also a Sonnet to Cali- 
bration which might be suitable. 

Clifford B. Haughton, Jr. 


Montgomery, Penna. 


We find these poems a sensitive 
reflection of the problems and emo- 
tions of "instrument engineers.’ You 
will find one of Mr. Haughton's 


poems on page 1305 of this issue.- 


Others will be published in the future. 





HAGEN count switch 


for 

machine tools — 
feed pumps — 
metering 


PAID FOR BY SAVINGS MADE 
ON JusTI TOOL 


Simply set this Hagen Count Switch to the number of opera- 
tions at which a tool should be changed. The count switch 
trips a switch after a preset number of electrical impulses 
... and thereby shuts down the machine automatically. Tool 
wear never reaches the point where tools must be ground 
down excessively to resharpen. That means increased tool 
life, reduced tooling costs and fewer rejects. Compare the 
savings on just one tool with the cost of this reasonably 
priced Hagen Count Switch. Chances are, the savings will 
be much greater. 


This Hagen Model 70 Count Switch has 72 dial divisions 
. . . 72 possible settings. Dials are available with up to 
54,000 counts. Accuracy: 1% of full scale range. Ideal for 
feed pumps and metering operations. Send coupon for 
Bulletin 780 — or data on the complete line of reset and 
repeating cycle timers and counters, interrupters and con- 


trol assemblies. 
MAIL COUPON TODAY! 


HAGEN MANUFACTURING COMPANY, INC. 

Dept. 1A-756, Moline, Illinois 

(0 Please send free Bulletin 780 on Hagen Count 
Switch. 


(J Send free data on counters, timers, interrupters 
and control assemblies. 





NAME AND TITLE 





COMPANY 





ADDRESS 





ciTY ZONE STATE 
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How to simplify; 


“a TRANSMITTER es 











CONTROL RELAY 





RECEIVER 


The Bailey Building Block Method enables you to simplify 
control problems by combining standardized measuring, 
transmitting, and controlling components as required. 


| 
| 
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y control problems 


Keep systems flexible, carry small inventory, cut 
maintenance cost with the Bailey Building Block 
Method of instrumentation and control. 


What is the Bailey Building Block Method? It’s 
using standardized Bailey measuring, transmit- 
ting, and controlling components and combining 
them into any system you need. Components 
can be added as needed . . . removed and reused 
elsewhere . . . recombined into another system 
when the need changes. It’s flexibility plus! 


It’s all based on the simple fact that a Bailey 
instrument or control component doesn’t care 
if the measured variable is steam flow, tank 
level, or heater temperature, to pick just three 
examples. System components —transmitters, re- 
ceivers, relays, selector stations, power units— 
are standardized for multi-purpose use. 


SELECTOR STATION 





ERE 





BAILEY METER COMPANY 


1041 IVANHOE ROAD, CLEVELAND 10, OHIO 
in Canada — Bailey Meter Company Limited, Montreal 


A spare component can be used in any one of 
many systems. Gone are delays waiting for ship- 
ments of special parts. Gone are large inventories 
of spares and parts. Simplified is the training of 
men for maintenance. 


There are many exclusive features and advan- 
tages of the individual components used in the 
Bailey Building Block Method. And there’s 
much more to the Building Block story itself. 


For further details, call our local district office 
or write us at Cleveland. Our engineers will be 
glad to prove how the Building Block approach 
will save you money and simplify your instru- 
ment and control problems. 


POWER UNIT 








ipbacapantatosior e] 


METHOD RESULTS IN: FLEXIBILITY, SIMPLICITY, ECONOMY 
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model mp 414-b 
dimensions: 174" x 1%! x 3" 
weight: 14 ounces 


AGNEPULSE 


all-magnetic 
Pulse senerator 


IN LOOKING for a pulse generator to meet the rigid performance 
requirements of AVQ-10 radar, RCA engineers insisted on extreme 
compactness and outstanding reliability. They found these qualities 
in the MAGNEPULSE MP 414-B. 

Used as a trigger generator for hydrogen thyratrons, this tiny unit 
provides an unfailing “pulsebeat” for AVQ-10 radar as it “looks 
into” the weather to increase reliability and comfort of commercial 
airline and business aircraft. The MP 414-B replaces approximately 
four electron tubes. 


Here are more reasons why RCA chose the MAGNEPULSE MP 414-B: 


* Pulse repetition rate: 400 pps. 

* Pulse width: 4.5 microseconds. 

7 Ambient temperature: — 40 to + 100° C. 

* No tubes, no moving parts, no warm-up time. 

* Short-circuit proof — no protection circuits 
required. 


* Unit is hermetically sealed. 

* Uses only 1 watt of power. 

* Operates on standard 400-cycle aircraft 
supply. 

* Provides pulse of 250-volt peak into 500 
ohms resistive load. 


High-power, all-magnetic pulse generator units are available in 
— ranges from .1 to 10 megawatts to replace conventional 

ydrogen thyratron pulses in radar systems. Excellent performance 
in digital computer applications, too. 


write for EB 204 Magnepulse bulletin 
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These inquiries, representing problems fac- 
ing readers of Instruments & Automation, are 
published as a free service to our readers. 


Ultrasonic Cleaner 


Manufacturers’ representative 
(electrical measuring, protective and 
control apparatus) seeks source of 
supply for ultrasonic cleaner of one 
or two pint capacity. A-110 


Electronic Printing 


Reader seeks information on elec 
tronic printing methods, such a: 
smoke printing, electrography, xero 
graphy and electromagnetic dry print 
ing. A-111 


Computer Component 
Circuits 


Reader seeks book giving circuits of 
computer components in simplified 
form, for instance adding, multiply- 
ing, etc., not block diagrams. A-112 


Glass Blowing 


University Library is interested in 
subscribing to a magazine dealing 
with glass blowing and laboratory 
techniques. A-11: 


Solenoid 


Manufacturer of chemicals seeks 
source of supply for 1%-lb air-cush- 
ioned solenoid for 110-volt 60-cycle 
operation. A-114 


Mercury Switch 


Engineering Coordinator of com- 
pany manufacturing aircraft instrv- 
ments and gyro devices seeks source 
of supply of miniature mercury switch 
capable of operating between minus 
65 and plus 200° F, and handling 125 
milliamps de at 28 volts. A-115 


Small Air Valves 


Project Engineer in plastic proc- 
ucts company seeks sources of supply 
for small sequence valves, relief 
valves, and pilot-operated valves fcr 
air, with %” NPT (or %” NPT) 
connections, of light construction, to 
be used in portable equipment. A-116 











ms fac- 
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Typical Q vs. frequency characteristics of Adjustoroids. 


RANGE OF NORMAL INDUCTANCES FOR STOCK ADJUSTOROIDS 





jy [AT AT-12 | AT-O| AT-6 AT-4 | AT-1 | AT-15 | AT-2 





Te) | 1-12, [1C-0 | 1C4 
core | CORE” {CORE | CORE 


acl 


















































125M 





























For nominal D. C. R. values refer to Burnell catalog No. 103. 


Typical Q vs. frequency characteristics of Variable inductors. 





The Adjustoroid, a low cost adjustable toroid, exclusively developed 7 
Burnell & Company, Inc., contains an actual complete toroid wit 
all the excellent characteristics of the non-adjustable types. Adjustment 
is obtained by a completely stepless function with magnetic biasing. 

The nominal inductance value for an Adjustoroid is the maximum 
value, and the inductance range is the nominal value minus approximately 


‘oO. 

Hermetically sealed to meet Government MIL specifications. Many 
types of networks in tuned circuits are being produced which employ the 
Adjustoroid in completely hermetically sealed packages. 

Intermediate inductance values as well as special taps and extra 
windings available on special order with minimum delay. 

For additional technical data on Adjustoroids, refer to equivalent 


toroid in catalog. 


AdjusJoroid 
TYPE AT 

Burnell & Co, 
8B & 


AT-0, AT-6, AT-10, AT-4 AT-1, AT-2, AT-11, AT-12 





oi ] ADJUSTOROID & VARIABLE INDUCTOR DIMENSION CHART 


A—LENGTH | B—WIDTH | C—HEIGHT 





AT-O, AT-6 wiser | | 
~AT-10,AT-4 | 1-19764" | yz 
~AT-1S | 31732" | | we 
AT-11, AT-12 | 45/64" | | se 
. | vary . te 
2370" | [ 207a" 


AF-S1,AF-52 | 119/64" | | 











VARIABLE INDUCTORS 


AF-51 AF-52 


(20-500 cycles) (50-1000 cycles) 

Maximum Q@ at 100 cycles Maximum Q at 250 cycles 
Burnell Variable Inductors have the similar characteristics to the 
Adjustoroid except they are especially designed for low frequency applica- 
tions or for conditions where high inductance values are required. 
Variable Inductors are available in all inductance values up to 1000 Hys. 


BURNELL & CO., inc. 


YONKERS 2, NEW YORK Teletype: Yonkers, N. Y. 3633 
Pacific Division: 720 Mission St., S. Pasadena, Calif. 


For more information circle 13 on inquiry card. 


July 1956—Jnstruments & Automation—Page 1249 








Get Tomorrow’s Higher Standards for 
Convenience and Accuracy Today 


with NE Ww EASE, 


12B0O SERIES 
ANALOG COMPUTERS 


EY [== 


ects Jseeee] 



































MODEL 1200 console is focal point of 
100-amplifier computer, serving (1) to 
tie together all computing elements, (2) 
as an input translator to set coefficients, 


Operator convenience, reduced maintenance and downtime, flexibility initial conditions, constants from key: 


and accuracy far beyond today’s standards are important advantages 
offered in EASE* 1200 series console-operated computers. 


Specific features include: patchboard is color-coded for simplified 
problem patching. 


. Complete keyboard control of all 9. Unitized design for complete flexibility and 
problem parameters including initial future expansion 
conditions and coefficients 10. .01% accuracy—not only in passive 

. Automatic punched tape or card elements, but also featuring the ability 
attenuator setting to set gains completely through 

amplifier to better than .01% 





. Complete and automatic digital 
recording of all problem parameters 


. Built-in static and dynamic . 
problem checking system These are, of course, but a few of 


. Built-in 6-channel chart recorder, or the many advanced-design fea- 
electric typewriter with punched tures that make ‘Do it with EASE*”’ Booths 718-719 
tape readin—readout equipment more than just a slogan. Complete 
. Completely shielded patch cord and descriptive and techni- 
patch board system ; 
e : o ; cal data will gladly be 
. “Human engineered” centralized 3} e r k 
uniieieien sent on request; please eie y 
. Instantaneous and “stored” address Dept.. B-6. 
overload indication : BECKMAN INSTRUMENTS INC 
Phone: LAndscape 6-7730 
Richmond 3, California 102 


See us at the WESCON Show 


*TM for Electronic Analog Simulation Equipment by BERKELEY 
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Compact Baldwin SR-4 sealed load cells mount conveniently below tank flanges. 


simple, maintenance-free Baldwin SR-4° system 
proportions 5 ingredients to + 40% repeatability 


Automatic proportioning of liquid and solid ingredients 
is achieved in this chemical process by aa integrated 
Baldwin SR-4 system. 

Baldwin SR-4 transducers weigh each ingredient as 
it is added to the batch. The load cells transmit signals to 
the indicator-controller, automatically opening and clos- 
ing supply tank valves as required by the formula. This 
closed loop system is instantaneously responsive and 
highly accurate. 

You can have a Baldwin SR-4 electronic control system, 
specifically designed for your needs, for any application 
involving weight, pressure, tension, torque or thrust. 
We engineer the entire system and calibrate it as a unit, 
to guarantee you maximum accuracy. For your copy of 
bulletin 4302, write Dept. 2853, Electronics & Instru- 
mentation Division, Baldwin-Lima-Hamilton Corpora- 
tion, Waltham, Massachusetts. 


Baldwin SR-4 instrumentation for automatic batching includes 
an indicator-controller-recorder and timer system for each tank. 


ELECTRONICS & INSTRUMENTATION DIVISION 


BALDWIN-LIMA-HAMILTON 


DIVISIONS: Austin-Western ¢ Eddystone * Hamilton e Lima « 
Electronics & Instrumentation * Madsen « Loewy-Hydropress « 
Pelton ¢ Standard Steel Works 
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HIGH TEMPERATURE 
MOISTURE and 
FIRE RESUSTANT 


ELECTRICAL CABLE 
for AIRCRAFT 


to MIL-C-25038 


FOR SUPERIOR WET DIELECTRIC STRENGTH, ABRASION 
RESISTANCE, HIGH TEMPERATURE AND FIRE RESISTANCE, 
AS WELL AS RESISTANCE TO OIL, FUEL, HYDRAULIC 
FLUID AND SALT WATER — 


USE LEWIS HT CABLE FOR CRITICAL CIRCUITS 


AVAILABLE IN AWG SIZES FROM #20 TO #4/0 















AWG AWG AWG 
20 10 1 
18 8 0 
16 6 00 
14 o ~ 000 
12 2 0000 
WE MAKE CABLE TO DO SPECIFIC JOBS. TELL US ABOUT YOUR PROBLEM. 





SPECIFY LEWIS MIL THERMOCOUPLE WIRE 
FOR PERMANENT AIRCRAFT INSTALLATIONS 


CORRECTLY CALIBRATED TO INSURE AIRCRAFT ACCURACY AND WITH 
LEWIS LAMINATED INSULATION TO MAINTAIN CIRCUIT INTEGRITY 


ion! COPPER-CONSTANTAN 


THERMQOCOUPLE WIRE AND LEAD WIRE 
TYPE | CLASS A, B, C, D, E, F AND G 

TYPE If CLASS A AND B 

TYPE Ill CLASS A AND B 

TYPE IV CLASS A AND B 

TYPE V CLASS A AND B 


___MIL-W-5846A CHROMEL-ALUMEL 


THERMOCOUPLE WIRE AND LEAD WIRE 
TYPE I CLASS A, B, C, D AND E 

TYPE Il CLASS A 

TYPE Ill CLASS A 

TYPE IV CLASS A 


IRON-CONSTANTAN 


THERMOCOUPLE WIRE AND LEAD WIRE 
TYPE I CLASS A, B, C, D, E, F,-G, H, | AND J 

TYPE Il CLASS A, B AND C 
TYPE Ill CLASS A, B AND C 


















__ THE RIGID SPECIFICATION REQUIREMENTS. 
rite for Wire Products Catalog No. 953 


THE LEWIS ENGINEERING CO. | 


eee OAT Ue lCUCCOUUNCUNCE CTICUT 
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INSTRUMENTS 


and 


AUTOMATION Trends 





Iron curtains are crumbling at the scientific level, IGY (Inter- 
national Geophysical Year) Program for 1957-58 is wonderful exam- 
ple of international cooperation, underway on word-wide scale. 
Forty nations are cooperating. USA will fire hundreds of rockets, 
studying atmospheric structure and composition, radiation and 
particle phenomena, and making ionospheric and geomagnetic meas- 
urements. Other countries will do likewise. Highlight will be 
launching of earth satellite (Project VANGUARD, a joint Army- 
Navy-Air Force program under the direction of J. P. Hagen, Naval 
Research Labs) sometime between July, 1957 and December, 1958. 
Its instrumentation will be made known and results published for 
scientists of all nations. This is another example of now obvi- 
ous trend away from secrecy and hostility between scientists of 
all nations; I&A now goes behind the iron curtain; Russian jour- 
nals now come here. The IGY represents the greatest single 

act of cooperation ever taken by scientists of all nations, as 
well as the most extensive examination of the earth's environ- 
ment. 





























Airline passenger traffic is increasing spectacularly—165% 
between 1946 and 1954, reports CAA. Rate of growth has ex- 
ceeded 10% per year for last 6 years. Hence CAA forecasts a 
growth of 5.8 million passengers per year, to from 32 mil- 
lion in 1954 to estimated 55 million by 1960, and 70 million 
by 1965. 





AIR FORCE strength has grown from 42 wings in 1949 to present 
121 wings. Sixteen wings will be added in next 2 years to reach 
authorized level of 137 wings manned by 975,000 officers and men. 
Military budget in 1956 for air purposes was $32 billion, of 
which Air Force received $16.5 billion. Instrumentation is key 
element at every phase of aviation. 











Cost of fuel for power varies widely in USA-from about 10 
cents/million BTU (about 1 mil per kw-hour for fuel) in 
parts of Texas to more than 35:'cents per million BTU (about 
4 mils per kw-hour) in parts of New England. Note: even 
"high" 4-mil fuel cost is much lower than any possible power 
from nuclear sources. May be 10 years for nuclear power to 
become economically competitive in USA; 5 years in Britain; 
less in other foreign areas. 











Ownership and control of entire field of nuclear power generation 
is in state of transition—from full Government control to private 
industry control. More than 500 private firms have been accorded 
access permits for obtaining classified information on civilian 


uses of atomic energy. 
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BRISTOL’S 


INSTRUMENTATION |! 











BRISTOL ELECTRONIC DYNAMASTERS will measure and auto- 


matically control any variable— from temperature to viscosity 


ANY VARIABLE that can be translated 
into an electrical quantity — tempera- 
ture, pressure, pH, voltage, speed, 
smoke density, resistance, and hun- 
dreds of others — can be measured, 
recorded, and automatically controlled 
by Bristol’s Electronic Dynamaster® 
Potentiometer and Bridge instruments. 

Whatever your measurement or auto- 
matic control problem may be, whether 
it be in-the plant, laboratory, or pilot 
plant, there is a Bristo] Electronic 
Dynamaster for it. 

ADVANTAGES of the Bristol Electronic 

Dynamaster: 

. Continuous standardization with no 
dry cells, eliminates need for dry 
cells and standardizing mechanism — 
Results: no interruption to control, 
no batteries to replace. 

. High accuracy . . . fast operation . . . 
continuous electronic measurement. 

. Simple in design ... few moving 
parts. 

. Easy to use and service . . . little or 
no maintenance required. 


. Flexible in application. 


6. Rugged in construction... espe- 
cially built for industrial plants, pilot 
plants, and for research and labora- 
tory use... unaffected by vibration. 


. Plant operating men quickly become 
familiar with this instrument and like 
to use it. 


MODEL FOR EVERY REQUIREMENT. 
Dynamaster Potentiometers and Bridge 
Instruments are available as single-pen, 
two-pen, and multiple-record (up to 24 
points) strip-chart instruments and as 
round-chart instruments. 


ELECTRIC AND PNEUMATIC CONTROL- 
LERS. Both strip-and round-chart instru- 
ments are made in a very wide variety 
of controllers that meet every control 
requirement, including the following in 
a great many forms: 


Electric Control — on-off, proportional 
input, 3-position, proportioning, pro- 
portional with automatic reset, and 
time-program. 


Pneumatic Control — on-off, propor- 
tional, proportional with reset, and pro- 
portional with reset and derivative. 


Sun Oil Plant uses 
Dynamaster Recorders 


Dynamaster Multiple-Point Temper- 
ature Recorders are used in the Control 
Room of the huge new 15-million- 
dollar Petrochemical Plant of Sun Oil 
Company at Marcus Hook, Pa. The 
plant produces chemical grade ben- 
zene, toluene, and xylenes. 

Some of the instruments shown meas- 
ure the temperatures of feed stock into 
and out of heaters, at dozens of points. 
Others record temperatures in cylindri- 
cal reactors, where the petroleum mole- 
cules are rearranged (reformed) in the 
presence of the platinum catalyst. 








—_— 
ae — 


ston 


LIQUID LATEX TEMPERATURE is controlled precisely to remove ammonia from natural latex 


prior to foaming in this plant. 


Automatic plant uses Bristol’s Dynamaster Instruments 


* Automation is a reality here at the 
Buffalo Foam Rubber Produets plant 
of the Dunlop Tire and Rubber Corpo- 
ration. This automatic plant, designed 
and built by Mechanical Handling Sys- 
tems, Inc., Detroit, uses Bristol Dyna- 
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master Electronic Instruments and 
Automatic Controllers as part of a pro- 
cess employing today’s most advanced 
automatic production techniques. The 
result — greater efficiency and produc- 
tivity, lower costs, improved product. 
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BRISTOL’S DYNAMASTER INSTRUMENTS 
are available with strip or round chart. 
Same instrument except for chart drive. 
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... news and information about automatic controlling, 


recording and telemetering instruments from Bristol 


..- leaders in human-engineered instrumentation 





BRISTOL'S DYNAMASTER INSTRUMENTS record test data from wind tunnel (right) and feed 
information to card punching machines at United Aircraft’s Research Dept. 


Bristol’s Dynamaster Recorders feed analogue-to-digital converters 


At United Aircraft Research Dept., 
Bristol’s Dynamaster Recorders not 
only supply high-speed chart records of 
wind tunnel tests but feed analogue-to- 
digital converters that punch test data 
on cards, at 100 cards per minute, for 
analysis by electronic computers. 


Dynamasters in this installation re- 
cord the output of strain gauge pick-ups 
placed on test models in the wind tun- 


nel. The models are subject to air at 
supersonic-velocities. 


High-speed Dynamaster Recorders 
(1-second full-scale pen travel) inform 
test operators of test conditions between 
card punchings. Since the test only lasts 
from 10 to 20 seconds, it is vital that 
every bit of information be gathered for 
analysis. 





Dynamasters aid gas dispatching in Midwest 


Bristol Dynamaster Metameter Tele- 
meters, at a large midwestern gas util- 
ity, help gas dispatchers route gas 
throughout their distribution system. 

These strip-chart Dynamaster Meta- 
meter Telemeters record gas pressure 
at strategic points in the system. This 
information used to be called in peri- 
odically by field men—a slower and less 
accurate process. 

Using the continuous, accurate, up- 
to-the-minute information supplied by 
the wide-strip telemeter receivers, the 
gas dispatcher effects much better pres- 
sure regulation in the gas supply than 


with the old system—particularly dur- 
ing periods of unexpected demand 





New high-speed electronic 
Dynamaster Recorder 
0.4-second for full scale pen travel 


NEW 0.4-SECOND Dynamaster recorder 


Freedom from overshoot on long or 
short traverses is a key feature of 
Bristol’s new high-speed Dynamaster 
Recorder. 

This high-speed instrument sets new 
standards for chart recorders in the 
fields of rocket and jet-engine testing, 
wind tunnel measurements, automatic- 
machine-tool control, scientific labora- 
tory testing and numerous industrial 
applications. 


SPECIFICATIONS: 
Speed: 0.4 second to within 0.25% of 
balance for full-scale step-response with- 

out overshoot. 


Sensitivity: Dead band less than 0.1% 
of full scale. 


Ranges: Minimum range of 1 millivolt 
d-c. 


Chart: 12% in., 11 in. calibrated. 
Chart Speeds: Up to 4 in. per second. 


No matter what your measurement 
problem is, a Bristol Dynamaster 
Potentiometer or Bridge instrument 
will solve it for you. 


Write for all the facts 


To get the whole story on these 
rugged, precision instruments, write 
today for your free copy of the 36-page 
bulletin P1245. The Bristol Company, 
113. Bristol Road, Waterbury 20, Conn. 

5.24 





.. WHAT'S NEWS AT BRISTOL... WHAT'S NEWS AT BRISTOL... WHAT'S: 


j 
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When you design or modernize 
-. equipment, look into the four big reasons for using Skinner’s low-cost 
V9 Solenoid Valve.|1| Only 4 5/10” high, the V9 fits nearly anywhere, 
saves space, yet is powerful enough to operate single- and double-acting 
cylinders. [2] Available in more than 176 variations of capacities, metering 
and types; it can be used with air, inert gases, hydraulic oils and other 
common media at 0-150 p.s.i.[3.|The V9 provides leakproof, 
dependable, fast operation — up to 600 cycles per minute in many applications. 


Its rugged, frictionless construction and precision engineering 





ensure life spans of | millions of cycles, | eliminating replacement 





and maintenance problems. 


For complete information, write for Catalog D2. 


L \ a | ees 


SKINNER ELECTRIC VALVE DIVISION - SKINNER CHUCK COMPANY 


SOLENOID 116 Edgewood Avenue 


New Britain, Conn. 


WORLD-WIDE REPRESENTATION 
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How Tight Is 
Tight? 


ACK in the January issue of 

I&A was a letter to our Uncle 

Milton from Mr. John Koles- 
nick of Phila., Pa., it being one of 
complaint over the way this maga- 
zine is being run—too much imprac- 
tical instrumentation, too many pro- 
found theories and even a prophesy 
of lost subscriptions unless things 
are changed. To all of which I add 
my amen! There is no doubt at all 
but what our Milton is living in the 
first half of the next century among 
the atoms and electrons. And. this 
fellow John H. McLeod, Jr., who ed- 
its the Simulation Council Newsletter 
—did you ever read so much gastron- 
omy? He reminds me of the story 
about the fellow who ate so many 
oysters that his stomach rose and 
fell with the tides. Where was I? Oh, 
Stimulation—this fellow writes sev- 
eral pages of, er, material which I’m 
sure is way over most of our heads. 
The only explanation for what goes 
on in this magazine, Mr. Kolesnick, 
is, in the words of Elbert Hubbard’s 
definition of an Editor: a person em- 
ployed on a magazine, whose busi- 
ness it is to separate the wheat from 
the chaff, and to see that the chaff 
is printed. 

I have long considered writing a 
series of monographs entitled “Time- 
ly Tips for Tired Instrument Tech- 
nicians,”’ and for this month I am 





going to describe a repair operation 
pertaining to recording potentiome- 
ters: once in awhile these instru- 
ments will throw a violin string and 
the instruction books aren’t too clear 
on one part of the operation. Any- 
one who has ever spent five minutes 
taking off all the control discs, aux- 
iliary switches, pieces of old string, 
remembering to cut off 14” from 
one end of the new string part num- 
ber R-25-D, splicing in a piece of 
shoestring and then after assembling 
all this stuff to have the string break 
or run off one of the pulleys because 
the spring-tension is wrong—well! I 
know of one man this happened to 
and he grabbed an ax and beat the 
instrument to pieces right then and 
there. So after I was re-instated on 
the job I spent no little effort in re- 
search on this subject and here for 
the first time is a sure-fire way to 
know when the violin string is tight 
enough. (I never begrudged myself 
the five minutes it took for the job, 
but I just hated to see others get so 
teed-off. ) 

To give you D.R.’s an idea of what 
instruction books are like and the 
futility of words vs actions, here is a 
sample: “Insert the string through 
the hole W and draw it tight while 
holding lug L against the stop as di- 
rected in this paragraph . . . Insert 
ihe end of the string through the hole 
in lug M just far enough to hold 








Seder! ata 


























while turning Lug M with a screw 
driver. Keep the string in the groove 
and turn lug M until the slack in the 
string is taken up... Insert the end 
of the string (the other end of the 
string from that discussed previous- 
ly) from T in the hole of lug N and 
proceed as directed for the other end 
of the string tightening up on the 
screws K to hold lug N.” Actually, 
when you are sitting down with this 
instruction book in one hand with 
the instrument propped up on a 
bench, a screw driver in your other 
hand, plenty of time to do this job 
and a pair of tweezers in another 
hand, why these instructions do not 
sound so ridiculous as they do in 
just reading them. (Editor’s note— 
He just might have three hands.) 

Isn’t it easy to be an Instrument 
Man? Why sure, add to the above a 
money-hungry production man to 
look over your shoulder, a puddle of 
water to stand in, a hot tin stack to 
work alongside of and this five min- 
ute job becomes real hairy. The point 
is that the instruction book does not 
say how tight is tight? Down here in 
West Virginia we have people who 
learned to play guitars when they 
were kids so when they come into 
the mill and start on instruments 
they’re all set: they can reach in and 
sorta pluck here and there and get 
perfect results. The rest of us ignor- 
ant people can’t do this. 

One day I am wandering around 
through town with one of these vio- 
lin strings in my pocket, hunting a 
saloo—a music shop, when I came 
across this place, Palumbo Music 
Salon, Violin, Vina, Viola da Gam- 
ba, Tuba and. Violin-cello. Purina 
Farina, Prop. Strangely enough this 
music store was right across the 
street from “Angelo’s Pizza Shoppe, 
Light Wine and Beer.” “Man,” I 
thought, “If anyone knows about vio- 
lin strings and how tight they should 
be here is the place to come.” So I 
knocked on the door and soon an eld- 
erly white-haired gentleman opened 
the door and muttered “Yas?” 

“Why Id like to talk with Mr. 
Farina or Mr. Palumbo if either of 
the gentlemen aren’t too busy,” I 
started to ask when the old gentle- 

Continued on page 1261 
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Positive Overrange Protection 
up to full 1500 Ib. rating 


Fully Adjustable Ranges... 
0-20” to 0-80” and 0-50” to 0-250” H2O0 
differential 


Automatic Internal Damping 


... fast, stable measurement 


Simplicity . . . easiest, lowest cost 


installation, least maintenance 


Convenient Zero Adjustment 


. external — no need to remove 
weatherproof cover 


Highest Sustained Accuracy 


. .. even under extreme operating and 
ambient conditions 


With these basic features, plus many 
other technical refinements throughout, 
the new Type 13A d/p Cell* Transmitier 
surpasses all previous records in per- 
formance ... economy . . . convenience. 
For the complete story and a demonstra- 
tion, call your nearest Foxboro repie- 
sentative. Write for new Bulletin 13-/1. 
The Foxboro Company, 467 Nepons:t 
Ave., Foxboro, Mass., U.S.A. Factories in 
the United States, Canada and Englard. 


*Reg. U. S. Pat. ¢ ff. 


More Foxboro flow transmitters are in use >y 
the process industries than all other makes 
combined! 
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bell Flow Transmitter 
I-design features... 


tion 


How It Works... 


An increase in differential pressure across Twin- 
Diaphragm Capsule (A) exerts force to right on 
. force bar (B). Elgiloy® diaphragm seal (E) acts 
ing as fulcrum. Force to left at top of bar (B) causes 
flapper to approach nozzle at (H). Resulting in- 
crease in nozzle pressure is amplified by relay 
(1). This pressure is sent to feedback bellows (G) 
which develops force to counterbalance the differ- 
ential pressure on capsule (A). The 3-15 psi out- 
put signal from relay (1), always precisely pro- 
ent portional to differential pressure, is transmitted 
nove _ to remote recording or controlling instrument. 


H20 











Range Wheel is continuously and easily adjustable for 
entire range whether 0-20” to 0-80” or 0-50” to 0-250” H2O. 


acy \ Easy-access screw adjustment permits field “zeroing” 
and a I a without removing weatherproof cover. 


Elgiloy® stainless alloy diaphragm seal assures a corro- 

_ sion-resistant, frictionless, positive pivot point. Instrument 

many ‘ a is constructed in 3 basic units — body, transmitter, and air 
shout, low relay block — eliminating all possibility of errors produced 


mitier by piping stresses. 

per- J pressure 
No . Silicone-filled Twin-Diaphragm Capsule filters out flow 
ence. > disturbances (“noise”) at measurement source .. . with- 
nstra- out loss of speed of response. Precisely matched surfaces 


‘epre- é 1 of diaphragms and capsule core provide “stops” which 
13-1): :; give positive overrange protection in both directions. 


a at Rugged forged body, optionally Type 316 S.S. or carbon 
les in steel, gives greatest strength with least weight... ultra- 
lard. : : compact design permits low cost mounting from flange taps. 


at. Cf. 


ise 
mak es 


First in Flow Instrumentation 
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HELP YOURSELF TO A LARGER SHARE 
OF THIS GROWING MARKET 


SALES OF INSTRUMENTS & CONTROLS 


by advertising in the 1957 
INSTRUMENTS & AUTOMATION 
HANDBOOK & BUYERS’ GUIDE 


Why dilute the effectiveness of your advertising in 
directories so general in scope as to eclipse the very 
market you are most interested in reaching? 
INSTRUMENTS & AUTOMATION HANDBOOK & 
BUYERS’ GUIDE is the only buying directory devoted 
exclusively to products and components in demand by 
this expanding instrumentation-automation market. 
In the “Guide” pages of this annual directory, we list 
your products FREE ... as a service to the buyers of 
instruments and automatic controls who use the direc- 
tory through 12 months of product selection. 

PAID DISPLAY ADVERTISING in this directory 
can help you compete more effectually for a larger 
share of the market by pinpointing valuable preselection 
data such as: product characteristics and specifications, 
special features, availability, etc. 











DISTRIBUTION: 25,000 copies 


PUBLICATION DATE: 
October 1956 


CLOSING DATES: 


For Copy and Cuts: August 15, 1956 
For Complete Plates: August 31, 1956 


FORMAT: 


Trim Size: 8!/, x 11'/4 inches 
Type Page 7 x IO inches 
Halftones: 110 screen 


(Formerly the 1&A CATALOG & INDEX and the INSTRUMENT MANUFACTURING BUYERS' GUIDE) 













1950 SY $2 billion 


1955 








$5 billion 






























results: 


(1) Include your complete general catalog, 


Use your ad space in one or more of these ways to g 


(2) Catalog your line on full pages, or 


(3) Divide your space into fractional units 
placed near appropriate product headings. 


Your FREE listings plus PAID advertising can provid 
the buyer with the essential data he requires to make 
decision in favor of YOUR products. It saves both tim 


and effort by minimizing correspondence. 


Fill in the space reservation below and send it 
INSTRUMENTS PUBLISHING CO., 845 Ridge Avé 
Pittsburgh 12, Pa.; or contact any of our district of fica 


845 Ridge Ave., Pittsburgh 12, Pa. 


We shall advertise the following products: 


PRODUCT 


Date 


MI 
ADVERTISING SPACE RESERVATION 


Instruments Publishing Co. 






































Please reserve total space amounting to ___ pages for our advertising in the 
INSTRUMENTS & AUTOMATION HANDBOOK & BUYERS' GUIDE. 


AD DIMENSIQ 





















RATES: 
$396 per page, or earned rate to 








I&A advertisers. 









DISTRICT OFFICES: 
Boston—Andover 2212 
Chicago—CEntral 6-8963 
Dallas—PRospect 0189 


New York—Murray Hill 


8-0980 
Philadelphia—Clearbrook 

9-4342 
Pittsburgh—FAirfax 1-016! 


Detroit—TRinity 3-7480 St. Louis—CHestnut 1-1965 Address, 
Los Angeles—SYcamore San Francisco—DAvenport 
7-2894 (Altadena) 5-4815 (Palo Alto) By, 


Company Name 
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man broke in with “Well day ain’t 
here. Meester Farina, hesa gone uppa 
town. Meester Palumbo, hesa go to 
work down tuh da meel. Justa me, 
Luigi Ginini isa here. Whatcha 
want?” So I handed him the violin 
string and asked him what it was and 
how tight should it be so it wouldn’t 
break. Well sir, the old fellow got real 
excited and told me in voluble Ital- 
ian, along with much gestering, some- 
thing of importance, but all I could 
do was shrug my shoulders and raise 
my eye brows. Next came a demon- 
stration on his violin. “See!” he 
-houted, “Thatsa your string. Hesa 
da one. You put him on and tighten 
up, and thatsa that.” Luigi plucks 
the string and hits a note on his pi- 
ano. 

“But Mr. Ginini how much ten- 
sion is on the string?” I asked again. 
‘Watt you mean, dis tension, eh?” 
isked Luigi. So I started to explain 
what I meant by tension when Luigi 
exclaimed, “Oh mama mia! Tension, 
jounds, who knows? No wan tune 
that-a-way. Everyone tune this-a-way, 
see?” and he starts all over again. 

Soon there is a muttering of 
‘stupid fool, dumbhead” from Luigi, 
so after looking to see which key 
Luigi had tuned to I invited him 
over to Angelo’s for a glass of wine 
to cool off with. The more I thought 
about it, and the more wine we drank, 
the more logical it appeared to forget 
about how tight the string should 
be in terms of pounds tension but 
rather judge tension in terms of pitch. 
Since Luigi had already tuned the 
string up to “A” (440) and a sec- 
ond trip to the Salon yielded the addi- 
tional data that the length of the 
string on the violin was about thir- 
teen inches, it was a simple matter 
to derive an equation: f equals 5720 
L—! V/sec and plot a curve with notes 
of the scale up the Y axis and string 
length along the X axis. All one has 
to do to get these instrument strings 
tightened correctly is select some 
length between pulleys, go to the 
curve for the pitch and start tight- 
ening; all instrument men to be fur- 
nished a pitch-pipe. 

I haven’t investigated this thor- 
oughly but perhaps in an instrument 
with as many pulleys and _ string 
lengths as a Model R, it would be 
possible to determine a sequence of 
string plucking plus tension and come 
ip with some song such as “Sixteen 
fons.” On a Model S there aren’t 
nany pulleys so here you might de- 
velop a solemn “Amen.” Everyone 
knows what that sounds like—that’s 
vhen you get up and leave church. 

Panhandle Pete 























it’s the shim that counts 


CHATILLON 


COMPRESSION 
SPRINGS 


Available in practically 
all sizes and capacities 








SHIM 
caer Re 





Chatillon’s compression springs with calibrated shims—an original 
Chatillon development—perform so accurately, they are specified in 
the precision instruments of leading manufacturers: e.g.: General Elec- 
tric: (ordnance equipment), Bendix (pressure transmitters), Chandler- 
Evans (aircraft carburetors). Shims brazed on the end coils of this 
spring maintain constant number of active coils during compression, 
thereby insuring constant rate. Straight line relationship between load 
and deflection is considerably improved. This great increase in accu- 
racy, costs no more! Chatillon compression springs are available in 
Iso-Elastic* (Chatillon's own temperature-compensated alloy) or other 
spring alloys. Chatillon also manufactures Spiral, Torsion and Form 
Springs in Iso-Elastic and conventional alloys. 


Have Chatillon’s Spring Division show you how easily you may improve 


the accuracy of your instruments. Write for engineering bulletins. 
*U.8.A. Pat. No, 2174171 


JOHN CHATILLON 
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Magnetronic 
Savings Account System 
STAMFORD, CONN.—Teleregister Corp. soon will in- 


stall the first completely automatic electronic savings 
bank system, in The Howard Savings Institution of New- 


MAGNETIC STORAGE 
ah 





EXECUTIVE MONITORING = 
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ELECTRONIC DATA PROCESSING unit 








pDisteisuToR 


“y my 
MAGNETIC TAPED { me 
HANDLERS ‘ i Report 


‘ : 
Frexownirer 
Tepe Up-Dating 


The electronic data processing system employs mag- 
netic storage (drums and tapes) to control accounts, 
print pass books, display uncleared check conditions, and 
“lock up” in the event of an overdraft. The principal ad- 
vantage of this system is that the teller can have access 
to central inventory showing the status of any account, 
at any time, instantaneously, on demand. It is estimated 
that this will result in a 30% reduction in the teller’s 
time required to perform a transaction. 

The network is completely integrated so that tellers at 
any of the 5 branch banks and at the main office of The 
Howard Savings Institution can take deposits or make 
withdrawals and immediately record this information on 
the central storage equipment in the main office of the 
bank. 

As this system is leased by the bank and maintained by 
The Teleregister Corporation, the bank’s operating cost 


is frozen at the rental figure. The Howard System is capa- ° 


ble of handling up to 4,500 transactions per hour, and 
bank tellers are provided with instantaneous visual and 
printed reference on as many as 250,000 regular savings 
accounts. 


Federal Airways Plan, 
1957-1961 


WASHINGTON, D. C.—The Civil Aeronautics Admin- 
istration, responsible for all air traffic in U. S., has pub- 
lished a comprehensive booklet titled “Federal Airway 
Plan,” Fiscal Years 1957-1961 (available from U. S. 
Dept. of Commerce, Washington 25, D. C., price $1.00). 
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People in the News 


On 82 mimeographed pages, richly supported by maps, 
graphs, tables and statistics, the report foresees the needs 
of air traffic in the next five years with a forecast of 55 
million passengers in 1960 and 70 million in 1965. 

Plans are presented for all major and associated com- 
ponents of airways systems: Radar, VOR, DME, Airpori 
Traffic Control, Air Route Traffic Control, ILS, Ap 
proach Lighting, LF/MF Radio Ranges, INSACS, Com. 
munications, ASDE, ATCOE, DF, PAR, NDB, Beacons 


etc. 


Office Automation Conference 
Co-Sponsored by 
Fordham University 
NEW YORK, N. Y.—Gordon L. Mattson, Office Auto- 


mation Consultant, will manage the Office Automatio: 
Conference to be co-sponsored by Fordham Universit, 
School of Business during the Third International Autw- 
mation Exposition in New York, November 26-30, 1950. 
The announcement is made jointly by the Universiiy an: 
Richard Rimbach Associates, Inc., management for the 
Automation Exposition to be held at the new Trade Show 
Building, 500 Eighth Avenue. 

Last November Mr. Mattson served the University of 
Chicago in a similar capacity during the Second Interna- 
tional Automation Exposition held in Chicago’s Navy 
Pier. This conference brought together top executives or 
their representatives from the United States and a number 
of foreign countries. 

Objective of the Office Automation Conference is to 
provide top management with information to guide them 
in making use of automation in data processing and the 
many other kinds of office work where the revolutionar 
techniques are applicable. Technical details are sub- 
ordinated to the broad picture, with emphasis on inte- 
grating factors. Complete details concerning registration 
and schedule of the eight sessions will be forthcomin: 
shortly, and will be mailed to interested persons upo 
request from Richard Rimbach Associates, Inc., Room 


359, 525 Lexington Avenue, New York 17, New York. 


L&N Opens New Plant 


NORTH WALES, PA.—This industrial community 25 
miles out of Philadelphia on the Reading Railroad’s sul - 
urban line soon will be identified with “the world’s most 
modern instrument plant” and the 57-year old name of 
Leeds & Northrup Co. L&N’s highly modern 11-millio1 
dollar plant adds a special flavor to the community; t 
has over 6 acres under one roof, sits in a 129-acre tract 
and will employ about 1300 people. 

Open house was held May 11 through 15, and preside:-t 
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NEW PRODUCTS ... BROADER ENGINEERING HORIZONS FROM SORENSEN 





Javy on for versatile, trouble-free performance 

i =| in countless design & test applications 
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STANDARDS 


for Primary Standards and Instrumentation 



















At Hughes we are conducting fundamental research and 
development and production engineering in the fields of 
radar systems, guided missiles, digital and analog comput- 
ers, microwave tubes, semiconductor products and other 
activities requiring use of many types of test equipment. 
Those with extensive experience in the calibration and 
maintenance of precision electronic and electromechanical 
test equipment — with emphasis on measurement of elec- 
trical quantities to very close tolerances— will find satis- 
fying outlets for their abilities in this work at Hughes. 
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Relation. 






HUGHES 


RESEARCH AND DEVELOPMENT LABORATORIES 




















Culver City, Los Angeles County, California 


















THE HANKISON 


Dehydrafilter 


*% ALWAYS assures moisture-free 
Compressed Air and Gas 
-for DEAD-END OR LOW FLOW 

CONTROL APPLICATIONS 


* Eliminates expensive tracing 
of compressed airlines 
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RATION 
SINDICATOR 










Model CM.-1 (illustrated) contains 
a replaceable desiccant cartridge 
for adsorbing moisture vapors. 
Rated Capacity: 1 SCFM @ 100 
psig and 70° F. 


Models for service up to 25 SCFM 
@ 6000 psig. 



















P.O. Box 8044B, Pittsburgh 16, Pa 





a P NT @kie) riba CORPORATION 
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I. Melville Stein officiated. He cut “a magic tape,” using 
the opportunity to commemorate Benjamin Franklin’s 
250th anniversary. An actor in Franklin attire rubbed 
a glass tube to create static electricity. A spark device, 
a spherical electricity-receiving terminal, an L&N ampli- 
fier and a Speedomax Recorder were the other accessories 
used to “cut” the tape by electricity. 

The North Wales plant has taken over production of 
all recorders, controllers and industrial control equip- 
ment. Headquarters of the company stay at the German- 
town plant in Philadelphia, where scientific instruments 
have been built for many years. 

A remarkable innovation in the new plant is a signal- 
handling network with voice paging, signal paging, plant- 
protection, and fire signals, executive communications, 
and music. The “Safetemp” system (standing for Secur- 
ity, Auditorium, Fire, Emerging, Time, Executive, Music, 
and Paging) allows direct paging from the 16-mile-re- 
mote Philadelphia plant. 





Univae AF/CRC 
Magnetic Computer 
NEW YORK, N. Y.—Two revolutionary developments 


in high-speed, general-purpose electronic computer con- 
struction were revealed recently in a demonstration of 


the new, compact, Remington Rand Univac AF/CRC 






Magnetic Computer, designed and built for the Air Force 
Cambridge Research Center at Lawrence G. Hanscom 
Field, Bedford, Mass. 

The Univac Magnetic employs tiny pulse-amplifying 
Ferractors in its internal magnetic-core circuitry and a 
five-by-three inch magnetic drum (16,500 rpm) to ac- 
complish a remarkable over-all reduction in size (ap- 
parent from the picture) without sacrifice of speed or 
capacity. The Ferractor is so small that forty would just 
about fill a jumbo peanut shell. The drum is sealed in 
a casing about a cubic foot in size and filled with heli- 
um to lessen frictional resistance. In addition, helium 
has a much higher heat transfer coefficient than air al 
lowing the drum to run considerably cooler. 

Univac Magnetic uses a parallel bit serial digit code at 
a 660 kilocycle per second bit rate, which allows the 
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HUGHES 
MEMOTRON: 


...@ new concept in retaining transients 


¢ Provides an instant and convenient 
permanent display of transients 

¢ Displays traces at high brilliance 
indefinitely, until intentionally erased 

¢ Permits display of successive writings 
* Eliminates waste of time and film 

by eliminating need for taking 
superfluous photographs 

¢ Can be used as a curve plotter at both 
high and low writing speeds. 





MEMOTRON is exclusive with Hughes. 

It is the only cathode ray tube available 
which makes it possible to combine, in a 
single piece of equipment, the permanent 
writing characteristics of a pen recorder 
together with the high-frequency response of 
a cathode ray oscillograph. MEMOTRON is 
already incorporated into equipments serving 
important laboratory functions in many of 
the country’s leading electronics research 
and manufacturing centers. Descriptive 
Product literature is available upon request. 


An application of the MEMOTRON 

is a commercial oscilloscope 
manufactured by Advanced Electronics 
Corporation, Los Angeles. MEMOTRON 
has an over-all length of 1814 inches, 
and a neck diameter of 21% inches. 

It can replace most conventional 
§-inch tubes without revision of 

space requirements in the equipment. 


Illustrated: a technique for plotting a family of curves, 
representing a coupled circuit with varied parameters. 


Hughes Products engineers are available for consultation on special 
MEMOTRON applications. For literature write to address below. 


za | 


HUGHES PRODUCTS 


ELECTRON TUBES 
HUGHES PRODUCTS 
Los Angeles 45, California 
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addition of two 10-digit numbers in 90 microseconds, 
over 11,000 additions per second, and multiplication in 
from 0.3 to 1.7 milliseconds, over 3000 multiplications 
per second. 

Its use of paper tape makes the new computer compat- 
ible with all common-language processing, instrumenta- 
tion, or data-presentation systems. 


Transistors for VHF 


DALLAS, TEXAS—A radically new transistor manu- 
facturing technique announced by Texas Instruments Inc. 
is said to “break through the radio-frequency barrier.” 
The new “grown-diffused” technique works with both 


























0.210 
ee 


germanium and silicon and the resulting commercially 
available kernel-sized production transistors amplify elec- 
trical signals at usable power levels to over 100 mega- 
cycles, and will oscillate to over 250 megacycles per 
second. 

Silicon transistors now in production by this new proc- 
ess have gains of 15 db at 12.5 megacycles and 14 db at 
30 megacycles with useful power levels up to 150°C. A 
“grown-diffused” germanium transistor with a power 
gain of 10 db minimum at 100 megacycles and with a 
collector dissipation of 25 milliwatts at 75°C is also in 
production. Frequency cutoff is 200 megacycles. These 
are ultra-conservative figures that are “guaranteed mini- 
mums” for production transistors. 


Magnetic Amplifiers, 
Transistors 


WASHINGTON, D. C.—Among the new catalogs of 
Technical Reports (published by the Office of Technical 
Services, U. S. Dept. of Commerce, Washington, 25, 
D. C., price 10 cents each) are two of special interest to 
our readers: CTR-310 The Transistor, and CTR-244 
Magnetic Amplifiers. . 

CTR-310 lists 35 reports from 1949 through 1955, and 
includes such fundamental works as The Transistor, Bell 


Telephone Labs., 1951 (PB111054, 800 p., price $20) ; 


reports from scientific institutions, primarily Yale Uni- © 


versity, Princeton University, MIT, Battelle Memorial 
Institute, etc.; military studies of USAF, the Navy, the 
Signal Corps, etc.; and publications from private in- 
dustry, including Beckman Instruments, Zenith Radio, 
IBM, etc. 

CTR-244 lists 34 developments from 1940 through 
1955 which include German documents captured in 
World War II, and the exhaustive report Magnetic Ampli- 
fiers from Carnegie Tech, Pittsburgh, in 6 parts 
(PB114429 through PB114434, available singly on micro- 
film or as photocopy from the Library of Congress at 
prices ranging from $1.50 to $11.50) as well as military 
research reports, and studies emanating from U.S. and 
foreign institutions of higher learning. 
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Data Lab on Wheels 


LOS ANGELES, CALIF.—Benson-Lehner Corp. re- 
cently delivered a mobile data-reduction, data-handling 
laboratory to the Air Research and Development Com- 


























mand’s Wright Air Development Center. It contains, 
among its data-reduction facilities, a Benson-Lehner 
Oscar (oscillograph anlyzer and recorder) Model E, two 
OscaR Model J’s, an ELECTROPLOTTER, a Boscar (bal- 
listic film analyzer and recorder), two Flexowriters, three 
tape punches, and a complete film processing lab. 


Education News of the Month 
» At recent IRE Conference in Dayton, Ohio, Dr. Cledo 


Brunetti, director of engineering, research and develop- 
ment for the Mechanical Division of General Mills, Inc., 
has revealed a possible source tor qualified technical per- 
sonnel. Analyzing the operation of the weapons system 
concept as it is now operating, he pointed out that it 
allocates the major military research and development 
contracts to 20 or 30 big companies. But about 200 or 
300 middle sized companies, to a large extent, are being 
left out of the picture. Their combined research and 
development force may be equal or even superior to the 
staff of the large firms. He suggested using this reservoir 
by assigning these smaller companies specific responsibil- 
ities for specialized sub-systems—thus freeing technical 
personnel of the large contractors for other tasks. 


» The new catalog on U. S. Government Awards under 
the Fulbright and Smith-Mundt Acts (for advanced re- 
search and University lecturing abroad in 1957-58) in- 
cludes many openings in the field of engineering such as 
Nuclear Physics, Servo-Mechanics, Fluid Mechanics. 
Atomic Reactors, etc. Closing date for applications is 
October 1, 1956. Correspondence is to be directed to the 
Executive Secretary, Conference Board of Associated 
Research Councils, Committee on International Exchange 
of Persons, 2101 Constitution Ave., Washington 25, D. C. 


» A BS-degree in fire protection now is offered by a four- 
year curriculum at University of Maryland. The Univer- 
sity has been giving short courses for volunteer firemen 
since 1930, with a present enrollment of 1955 students. 


§ Truesdail Labs of Los Angeles and Honolulu have cre- 
ated a $1000 annual scholarship at the University of 
Redlands (with opportunity for summer employment at 
the lab) for a chemistry major “to contribute toward the 
relief of the current shortage of trained scientific per- 
sonnel,” 














PANELS 


Distribution Switchboards 
Control Panels, Test Benches and Units 


Custom Designed and Custom Built for a long and 
impressive list of users in Industry, Research, Govern- 
ment, and in Vocational and Technical Schools and 
Universities. Send for Bulletin 187. 


(feta RECEPTACLES AND PLUGS and binding posts, for quick, 


frequent, flexible, plug-in connections for power distribution and 
circuitry on tést or production equipment. Send for Bulletin 238. 


>. 9 Model Divisions Totalizes Accuracy 
SMM ON) T 4 M E R ." S-100 11/5 sec. 6000 sec. | +.1 sec. 
F S-60 1/5 sec. 60 min. +.1 sec. 
For extreme accuracy and continuous performance. , . 
Rugged, for heavy duty service; flexible in applica- SM-60 [1/100 min._| 60 min. + .002 min. 
tion; to measure and indicate elapsed S-10 1/10 sec. 1000 sec. | +.02 sec. 
time intervals. Synchronous motor gan S-6 1/1000 min.| 10 min. | 4.0002 min. 
drive. Electric clutch controlled by ; ; ro 
manual switch, automatic switch or xO } 1/100 sec._| 60 sec. se Sr t 
output of electronic tubes. Manual or Bite y MST 1/1000 sec. | .360 sec. | +.001 sec. 
electric zero reset. Send for Bulletin 198. MST-50011/1000 sec. | 30 sec. + 009 sec. 


Chtono and Elbeihenc 
TACHOMETERS 


These NEW and IMPROVED TACHOMETERS are de- 
signed to give you these outstanding benefits: Extreme Pre- 
cision — Reliability —- Readability — Self-Checking — 
Package-type, plug-in construction to simplify servicing. 

Write for Bulletins 218 and 240. 















































THE 


Write for Bulletins listed above. For; 


information on specific problems, ad- >” AS a ELECTRIC TIME COMPANY 


dress inquiries to our Engineering 
Department. } 93 Logan Street + Springfield 2, Massachusetts 
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, 
Joy Electrical Connectors 


and 
Automatic Controls 


le Automation... 








when electrical connectors fail? 


No automatic control system yet devised will keep 
machines ncn when an electrical plug or receptacle 
e 


in their power feeder line or power control circuit 
poops out. That’s why JOY’s one-piece molded Neoprene 
connectors deserve your careful consideration. Factory 
wired and permanently molded to cord or cable, they 
provide many extra advantages that add up to a long life 
of dependable service under the most adverse operating 
conditions. (A few are listed below.) Available in a 
wide variety of designs with 1 through 16 contacts for 
150 to 600 volt applications. Joy Manufacturing Com- 
pany, Oliver Building, Pittsburgh 22, Pa. In Canada: 
Joy Manufacturing Co. (Canada) Limited, Galt, Ontario. 


Oil-Sealed ... 

One-piece molded cable con- 
nector assembly protects conduc- 
tors from oil and other external 
impurities. Face rings protect 
contacts from similar contamina- 
tion, when connectors are en- 
gaged. 





Distortion-Proof ... 

Factory molded as trim one-piece 
synthetic rubber jacketed units, 
JOY connectors cannot crack, will 
not shatter and are practically 
impossible to knock out of shape. 





Moisture-Tight 

JOY electrical connectors are 
absolutely moisture-tight from 
wiring juncture to face . . . and : =-\ 
when connected even their con- ‘ 

tacts are protectively encased in 
@ resilient housing. —_ el 


JOY 


SOURCE OF INDUSTRY'S 
FAVORITE ELECTRICAL 
CONNECTORS SINCE "28 











| 
1) 
% 








Ask for No. B59 





CD 355.2 
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5 | Digital and Analog Computers 


DENVER, COLO.—Denver Research Institute, in co- 
operation with the National Simulation Council, will hold 
its Third Annual Sympesium on Digital and Analog 
Computers, August 30 and 31, 1956, Hotel Albany, Den- 
ver, Colo. Among the speakers will be John H. McLeod, 
Jr. of Convair, Chairman of the Steering Committee of 
the National Simulation Council and editor of the 
Simulation Council Newsletter, Dr. John W. Carr of the 
University of Michigan, and Dr. Ascher Opler of Dow 
Chemical. Dr. Carr will continue after the Labor Day 
recess with a special advanced course in computer tech- 
niques (Sept. 4 through 7); Mr. McLeod will advise with 
interested persons on organizing a Denver area Simula- 
tion Council. Information is obtainable from Wm. B. 
Kennedy, The Denver Research Institute, University of 
Denver, Denver 10, Colo. 


Calorimeter for Polymers 
WASHINGTON, D. C.—A calorimeter that measures 


very small quantities of heat, precisely, at room tempera- 
ture has been designed by the National Bureau of Stand- 
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A, ALUMINUM JACKET 
B, BEAKER 
C, COPPER SPACERS ! 
E, OUTER WALL OF CALORIMETER 
F, COPPER FINS 
G, GRADUATED CAPILLARY 
H, MERCURY 
|, TOP OF CALORIMETER 
J, STAINLESS STEEL TUBE 
K, COPPER JACKET COVER 
L, INSERT IN TOP OF JACKET 
M,Mz, COPPER CYLINDERS 
N, THERMAL INSULATION 
oe yn Las P, COPPER-NICKEL TUBE 
Gyy ee R, ELECTRIC HEATER 

S,, POTENTIAL LEADS 
Sp, CURRENT LEADS 
YRS T, THERMOREGULATOR BULB 
V, VALVE IN MERCURY LINE 
W, PLATINUM TUBE 
Y, STAINLESS STEEL PIPE 


ards. It is particularly suited to measurements of heat of 
reaction, heat of solution, and heat of mixing of poly- 
meric and other substances, data which are of interest to 
the rubber industry. Similar in principle to previous 
Bunsen-type calorimeters, it has been modified to permit 
the use of diphenyl ether instead of water as the calor- 
imetric substance. 
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Digimatic 

LOS ANGELES, CALIF.—“Digimatic” is a_ nev 
“numerical control” device for operating complex ma- 
chine tools by means of digital “instructions” that are 
automatically computed and recorded on magnetic tape 
A development of Electronic Control Systems, Inc., an 
affiliate of Stromberg-Carlson and a subsidiary of Genera: 
Dynamics Corp., “Digimatic” consists of two principa: 
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CELLULAR, 


SHIEBLDED PATCHCORD 


PROGRAMMING SYSTEM 





revolutionary Cellular, Shielded 
Patchcord Programming Systern 
is constructed of molded nylon blocks alternated 


with interlocking metal strips. The hole in each 





block accommodates: standard patchcords, c)- 
axial (shielded) patchcords, or special “L” ty; e 


shielded patchcords. 
the 


and 


vents current leakage from one circuit to a 1- * 


This cellular system of construction pr : 


if mat 
ber: 
fe 
eng 
eae us van 
flexibility of arrangement, spacing and color ail 


other, while providing all the advantages 


a metal patchboard. Its insulated surface ai d 


The illustration shows how Berkeley Division 
of Beckman Instruments, Inc. coding offer exceptional versatility on co11- 


is using A-MP’s new Patchcord System 
in its new EASE* 1200 Analog Computer. puters, test equipment, business machincs, 


and all types of automated industrial aid 


military equipment. 


Aircraft-Marine Products, Inc. 
GENERAL OFFICE: HARRISBURG, PA. 





A-MP of Canada, Ltd., Toronto, Canada 
A-MP—Holland N.V., 's-Hertogenbosch, Holland 
Aircraft-Marine Products (G.B.) Ltd., London, England 
Societe A-MP de France, Courbevoie, Seine, France 


Mh 


AWW 


contact tip 


*Trade mark, Berkeley Division of Beckman Instruments, Inc. 
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units—a planning desk, the main part of which is a high- 
TA speed decimal computer and tape recorder, and a machine 

control unit which governs the operation of a machine 
ited tool by the “instructions” on the magnetic tape. 

In a recent demonstration, by pressing a button, a 

ach typical precision cam was machined completely from a 

metal blank, with the magnetic tape controlling all the 
C)- operations of a vertical milling machine. 


sal A.F.R.A. 


PITTSBURGH, PA.—In our May issue we reported 
DT the founding of automation societies in Italy, Belgium, 
and Norway. This month news of the formation of such 

an association comes from France. 





le 
sa L’ Association Francaise de Régulation et d’ Auto- 
7 matisme (A.F.R.A.) has been organized, requiring mem- 
bership (for regular members) in one of the six societies packless 
~— —for civil, electrical, radioelectrical, and mechanical 
engineers, industrial chemists, or the group for the ad- | 
1 vancement of industrial mechanics. Main aim is to con- | valves 
oid solidate and coordinate the efforts of these various | 
groups, and to maintain good relations with similar | 
O11 associations in France and abroad. | 
Honorary president is M. Pierre Nicolau, president is | 
Nes, M. Marcel Véron, and treasurer is M. Jean Vivié, editor- 
d in-chief of the magazine “Mesures.” 
Al 


Stratospheric TV 


PHILADELPHIA, PA.—Philco Corp. has developed 
an airborne TV system which will provide ground control 
points with an active picture of troop movements or 
terrain. It now is possible to transmit a TV picture from 
the stratosphere, beyond reach of antiaircraft gun fire. 

The new airborne reconnaissance system is a complete, 
self-contained, broadcasting station. It is so compact that 
it may be carried in single-seat aircraft. To cover a wide 
area, two unmanned, studio-quality TV cameras are used 
in the plane. A clear, sharp picture from aircraft traveling 
at supersonic speeds can be transmitted to the ground 
control point where it is picked up by a receiver. There, 
the picture may be instantaneously photographed on 
35mm film which can be processed in less than a minute. 
Immediately, the picture may be projected on theater- 
size screens at the control point, or relayed to other 
locations. 


Flight Control/Bomb System 


WASHINGTON, D. C.—The Security Review Branch, 
Dept. of Defense, recently revealed an electronic system 
permitting this nation’s newest strategic bombers to find 
and destroy unseen enemy targets with unprecedented 
accuracy. A specially-developed Sperry A-14 automatic 
flight control system and an MA-6A electronic bombing 
system are installed in the new Boeing eight-jet B-52 
Stratofortress, the intercontinental bomber. 

Designed by Sperry Gyroscope Div. to Boeing and Air 
Force specifications, the A-14 flight system provides pre- 
cision control and aids in instrument landing. 

The advanced MA-6A bombing system, utilizing target 
data obtained either optically or by radar, automatically 
“feeds” steering information to the automatic flight con- 
trol system as the bombardier makes the necessary com- 
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Packless valves are designed for tough applica- 
tions, like critical high vacuums, corrosive or 
dangerous fluids and high temperatures. Our 
experience with these problems has helped us to 
design a packless yalve line broad enough to suit 
many of these applications. As evidence may we 
present: 


The 431 Series — a greatly improved version of 
the Hoke brass bellows needle valve offering 
extended, leak-tight service life . . . suitable for 
sampling systems and analysis equipment— 
bronze bellows, Stainless steel (blunt or vee) 
Spindle in 1%” and 14” pipe sizes. 


The 480 Series — Globe or angle valves in brass 
or monel with phosphor bronze or monel bellows, 


The 440 Series — for supercritical applications 
An all stainless bellows valve with Teflon seat— 
1%” to 14” pipe sizes. (Both 480 and 440 series 
have replaceable bellows assemblies.) 


The 411 Series — All metal monel diaphragm 
valves with low internal volume and excellent 
service life. 


For those of you who have special problems, 
modifications of these valves are available for 
high temperatures and pressures. You'll find us 
most receptive to your inquiries. 


WE'VE JUST COMPLETED A NEW PACKLESS VALVE 
BULLETIN THAT WE’D LIKE TO SEND TO YOU, 
WRITE TO 


HOKE 
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INCORPORATED 


Fluid Control Specialists 
231 S. DEAN STREET, ENGLEWOOD, NEW JERSEY 


PIONEERING is our business 


Volume cleaning 
in seconds with 





__ ULTRASONICS 


Typical parts and assemblies cleaned by Bendix Ultrasonics. 
(*Parts for these assemblies are cleaned prior to assembly.) 


Clean more parts and assemblies! 
Accommodate standard baskets and racks! 
Reduce costs! 


Rectangular cleaners make Bendix Ultrasonic Cleaning 
even more efficient, even more useful than before. Models 
are now available in a choice of sizes: 18” x 25” x 18”... 9” 
sis ...CaW sid ..c2 Ts st. 

The large, rectangular units offer increased cleaning 
capacity. Cleaning is exceptionally thorough . . . because the 
entire bottom of the cleaner develops cleaning cavitation. 
The rectangular cleaners accommodate baskets and racks 
already used in production cleaning. 

Besides those advantages, Bendix Ultrasonics clean 
faster and 99.5 percent to 100 percent effectively .. . 
eliminate costly, hazardous solvents . . . clean even most 
delicate parts safely . . . greatly reduce cleaning costs. Get 
full details. Write PIONEER-CENTRAL DIVISION, BENDIX AVI- 
ATION CORPORATION, DAVENPORT, IOWA. 


West Coast Office: 117 E. Providencia, Burbank, Calif. 
Southwest Distributor : 
Southwestern Eng. & Equip. Co., 3906 Lemmon Avenue, Dallas, Texas 
Export Sales and Service : 
Bendix International Division, 205 E. 42nd Street, New York 17, New York 
Canadian Distributor : 
Williams & Wilson, Ltd., 11 Front Street, East, Toronto, Canada 
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mands. This, in turn, controls aircraft action required to 
maintain a desired course and altitude, to guide the super 
bomber to a predetermined, precise pin-point in space at 
which a bomb must be released to strike the target. 


News Bits 
REMINGTON RAND’S new contribution to office au- 


tomation is an adaptation of a Kardex file for storing 
non-variable or repetitive information for common-lan- 
guage data-processing operations. Information thus 
stored can be reproduced automatically into the conven- 
tional working tape with the variable data (such as quan- 
tities to be ordered) added manually. 


MINE SAFETY APPLIANCES CO. has installed its 
new “Telechrane” FM carrier communications system 
at the Sheffield Steel Div. of Armco Steel Corp. in Kansas 
City. Transmitting signals over existing electrical cir- 
cuits, the system is free of outside interference and crane 
operators can hear clearly above the noise of nearby 
operations. 


GENERAL ELECTRIC CO. has built a giant analog 
computer for the Air Research and Development Com- 
mand that could save up to two years in the costly devel- 
opment of advanced-design jet engines. It will enable 
engineers to “fly” jet engines and to forecast perform- 
ance before they are built. 


GE Computer 
Ocean-going Lab 


REED RESEARCH INC. has equipped the 64-foot ves- 
sel Marigold as an ocean-going laboratory to tackle some 
of the unsolved problems which exist in the marine field, 
especially in navigation. 


WESTINGHOUSE ELECTRIC CORP. will design 
(for Yankee Atomic Electric Co.) a pressurized light- 
water-cooled-and-moderated reactor for producing 134,- 
000 kw of electricity. This is the first contract under the 
AEC’s Power Demonstration Reactor Program. 


BERKELEY DIVISION has again given its annual 
five-day factory training course in Richmond, Calif. It 
included electronic engineers from aircraft firms (Boeing, 
Convair, Douglas, Bell) and other companies (Ford 
Motor Co., Bendix Aviation, Minneapolis-Honeywell, 
etc. ). 


THE NAVAL RESEARCH LAB. has developed a 
sound spectrograph which presents an instantaneous plot 
of the energy of an audio signal on a new type of chem- 
ically treated electrosensitive paper. 


FISCHER & PORTER’S Automatic Data Logger will 


record Tide Table predictions, replacing manual logging 














|) MERCURIAL- 
PRECISION 
STANDARD 


Type FA-187 
































Measures Absolute 
or 
Differential Pressure 


Used interchangeably as a Barometer or Differential 
Pressure Manometer. 


Range: 0 to 800 mm of Hg. 
0 to 31.5 in Hg. or in any other desired pres- 
sure unit of equivalent range. 





The magnetic vernier reads to 0.01 mm or 0.005 in. of 
mercury with an accuracy of 1 part in 5000 over the 
full range. 











For additional information, 
write for Publication Number TP-32-A. 
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In Canada: Wallace & Tiernan, Ltd., Toronto 3 
A-10 
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Precise 


TEMPERATURE 
MEASUREMENTS 


. -- with the Rubicon 
MUELLER BRIDGE 


A highly accurate and specialized form of the Wheatstone 
bridge designed expressly for precise resistance ther- 
mometry with three- or four-lead thermometers and for 
the measurement of other similar resistors within its range. 
@ Wide range: 0 to 141.1110 ohms in increments of 0.0001 
ohm 
@ Unity ratio with provision for convenient checking and 
precise adjustment of ratio arms 
@ Built-in mercury commutator for lead resistance com- 
pensation 
Sub-panel switch construction 
Built-in plug and block assembly for conveniently check- 
ing ratio, bridge zero and thermometer resistance with 
no disturbance of external bridge connections 
Described in Bulletin 100 


. - with the Rubicon 
PORTABLE PRECISION POTENTIOMETER 


A two-dial instrument of exceptional accuracy and sensitivity. 
@ High-sensitivity, sturdy, built-in Pointerlite galvanometer 
—permits balancing to within 2 microvolts in low resist- 
ance circuits 
Completely self-contained assembly—no external acces- 
sories except the thermocouple circuit 
Two ranges —O to 16.1 and 0 to 161 millivolts—readable 
to within 2 and 20 microvolts respectively 
Sturdy, compact construction for long dependable service 
Described in Bulletin 270 


RUBICON COMPANY 


Electrical Instrument Makers 
3755 Ridge Avenue Philadelphia 32, Pa. 
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on tables from the Tide Predicting Machine in operation 
since 1910. 


BELL TELEPHONE LABS. report successful fabri- 
cation of thermistor materials having large positive tem- 
perature coefficients. 


KINETICS CORP. announces a new production facil- 
ity for vacuum brazing, especially useful for waveguide 
and microwave assemblies. Temperatures to 2100°F can 
be maintained at high vacuum of 10°mm. 


CEC Mass Spectrometer 
‘ 
| 
_Xinetics Vacuum Brazer 


CONSOLIDATED ELECTRODYNAMICS CORP. 
has custom-built a mass spectrometer which was installed 
on the vacuum melting furnace platform at Carboloy 
Dept. of GE. The unit helps determine and control prog- 
ress of the high-vacuum process by analyzing gases pro- 
duced in the furnace while special alloys are made. 





NBS has published a report on transcendental-function 
analogue computation with magnetic cores. 


U. S. AIR FORCE and Lockheed-Georgia have an- 
nounced that an immediate start would be made on a 
giant nuclear aircraft testing and research facility near 
Dawsonville, Ga., with 500 scientists, engineers and tech- 
nicians. 


BECKMAN spectrophotometer is used on the produc- 
tion line of AP Parts Corp. to check every 500-gallon 
batch of Miracle Power, a colloidal synethetic graphited 
lubricant. If sample does not pass test, entire 500-gallon 
batch is rejected. 


Brush tishaaWlleals ol 


Beckman Spectrophotometer 


BRUSH ELECTRONICS CO. again will put its “lab- 
oratory on wheels” on the road to give field demonstra- 
tions of sound, vibration and strain measurements. 


HANKISON CORP. has announced shipment of a stain- 
less steel “Condensifilter” to the Electric Boat Division of 
General Dynamics Corp. for installation on the “SEA- 
WOLF,” the atomic submarine. 


AMERICAN SILVER CO. has succeeded in the produc- 
tion of copper strip in thickness of 0.00025’”—1/12 the 
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1D. 
MOOG VALVE CO., INC. 


EAST AURORA. N. 


Illustration actual size 


Weight — 11 ounces 





From MOOG Servo Valves... 


High Accuracy and 


One of the outstanding characteristics of Moog Servo 
Valves is their exceptionally high dynamic performance. 
Moog units are characterized by equivalent time con- 
stants as low as one and one half milliseconds from 
input differential current to output flow. 

Performance of this magnitude makes possible con- 
trol systems of high accuracy and response. Typical 
applications for these valves are in servo systems of 
advanced aircraft and guided missile flight controls, 
radar scanner actuation, contour following machine 
tools, and automatic packaging equipment. 

Conventionally, valve input is from a balanced push- 
pull DC amplifier and valve flow output is applied to 
a piston or hydraulic motor. An electric signal propor- 
tional to piston position or motor angular rotation is 
fed back to the amplifier to give a closed servo loop. 

Production models are designed to operate in hydrau- 
lic systems of from 1000 to 3000 PSI pressure. Rated 
output flow from 0.1 to 50.0 GPM, for control currents 
between 2.0 and 40.0 milliamperes as specified, are 
available in production units. 


Response 














For details write for Bulletin 2000-1 


MOOG VALVE CO., INC. 
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~ EAST AURORA, N. Y. 








BOURDON TUBE ~\ 















MELETRON 


Pressure Switch 








for Proof Pressures 
from 500 to 12,000 p.s.i. 






EI ERIE it 






Competes on Price 
Wins on Accuracy 






EXTREMELY 
ACCURATE 


Simplicity of direct act- 
ing design plus rugged 
precision construction 
make for long, unchang- 
ing repeat accuracy. 
















IN ANY 
POSITION 


on moving equipment, 
even under vibration, 
switch performs with 
equal efficiency. 











mounted absolu 


gn 
make it very a i 

















To get complete operating characteristics and specifications 
ask for balletins 302 to 382. 





| 
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transformers and components. 


Financial News 
DYNAMICS CORP. OF AMERICA recorded highest 


sales in its 32-year history in 1955. Consolidated sales of 
$41 million were up 15% from 1954. 


FISCHER & PORTER announces shipments exceeding $11 
million for the fiscal year ending April 30, 1956. New 
Latin American representatives have been appointed; 
S.A.V.E.R. Guinand for Venezuela and Tecnica Colom- 
biana S.A. for Colombia. 


SERVOMECHANISMS INC. announces first quarter net 


sales over $3 million, and backlog at all-time high. 


Stock Report 


The following prices and price ranges are supplied by Bache & Co., 
36 Wall Street, New York 5, New York. 


New York Stock Exchange: 


Price Range for 1956 


Thru May 31 As of May 31 
Security High Low Last 
Aeroquip Corp. 15 3/8 11 7/8 14 1/8 
rth oe Chain & Cable 4B 38 1/2 kk 1/4 
American Mach. & F. 22 1/8 a4 1/8 28 1/2 
American Mach. & M. Lo 3/k 251/68 28 1/% - 3 3/4 (1) 
American Optical ho 3/4 35 35 3/8 
Beckman Instruments 31 1/2 25 1/8 26 1/2 
Bell & Howell 45 1/2 28 1/k ko - 40 7/8 (1) 
Bendix Aviation 63 49 51 : 
Bulova Watch 2 / = ie s 3/4 
Burroughs 1 1/2 8 1/2 
ae 2b 1/b 18 1/4 18 7/8 
Dobeckmin 39 1/b 31 3/4 34 1/e 
Gamevell 31 1/2 25 5/6 29 
General Inst. 10 1/8 7 3/4 7 3/% 
General Prec. 53 1/2 Lo 4 1/4 
General Time 33 1/8 29 1/2 30 1/6 - 30 7/8 (1) 
Hamilton Watch 25 19 22 5/8 
International Business Mech.* 439 400 hag 1/2 
Minneapolis-Hon. 78 3/b 58 fer 
National Cash Reg. 50 5/6 34 1/8 45 7/8 
Radio Corp. 50 3/8 4115 43 
Raytheon 19 1/2 14 5/3 15 3/8 
Robertshaw-F. 28 3/8 23 7;3 24 1/8 
Sangamo Electric 37 1/2 29 1/ a 
Sperry Rand 29 1/8 23 5/8 2k 1/2 
Square D 7& i/e 51 1/2 65 1/4 
Starrett, L. S. 56 1/2 43 3/! 51 
Sylvania Electric 55 1/8 tre: 4g 5/8 
Telautograph ** 15 1/4 12 7/é 13 
Texas Inst. 14 11 ©% ee 
Underwood uu 32 7/3 7/8 


(1) Bid - Asked price, no sale. 
* Reflecting adjustment for 254 stock dividend. 
** Adjusted for 2 for 1 split on May 4, 1956. 
American Stock Exchange: 
Price Range for 1956 
Thru 





May 31 As of May 31 
Securi High Low Last 
Air Assoc. 13 1/2 9 1 3/8 
American Meter 4) 341/68 34 - 34 . (1) 
Benrus Watch 10 3/8 9 1/8 9 1/ 
Breeze Corp. 9 1/8 6 5/8 7 1/8 
Consolidated Electrodynamics 27 7/8 al 25 
DuMont Labs. 10 6 61/4 
ElectroData 13 1/2 9 
Fairchild Camera & Instr. 25 1/4 19 1/2 22 7/8 
Int'l Resistance 8 1/4 6 3/8 6 3/8 
Lear Inc. 10 1/4 T ij2 8 
Nat'l Res. Corp. 29 3/h 17 7/8 23 - 
Neptune Meter 34 7/8 28 3/8 30 1/2 
New Haven Clock 21/2 11/2 15/8 
Norden-Ketay 14 7/8 10 1/2 n 
Pneumatic Scale 28 1/4 25 25 = 26 (1) 
Servomechanisms 9 1/2 8 1/% 8 7/8 
Wallace & Tiernan 22 1/2 19 5/8. 20 || 
Waltham Watch 3 1 7/8 1 7/8 


(1) Bid -.Asked price, no sale. 


thickness of a human hair—to be used in miniaturized 
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¢ AP-11 is rated at 1/2 of 1% > 


GENERAL ELECTRIC ANNOUNCES... 





/ AP-12 is rated at 1/4 of 1% 


NEW PORTABLES WITH 3 BIG ADVANTAGES 


New AP-11 and AP-12 portables give you sustained high accuracy, convenience of use, 
and high scale readability for precise measurements in a widé variety of applications. 


Newest Additions to the expanded line of General Electric port- 
able instruments are the high-accuracy AP-12 for precise a-c/d-c 
measurements and the AP-11 for general a-c measurements. The 
new AP-12 is designed to replace the well-known General Elec- 
tric type P-3 instrument. 


You Get Three Big Advantages for precise measurements. Sus- 
tained high accuracy comes from spring-mounted jewel bearing 
design which avoids pivot blunting. Convenience of use comes 
from universal terminals and rugged, lightweight Textolite* 
plastic cases. High readability comes from nearly uniform scale 


distribution. This is especially true at lower ends of scales. 


For High-accuracy Testing, the new AP-12 for a-c/d-c and the 
matching DP-12 for d-c are rated at 14 of 1% of full-scale values. 
Both instruments are ideal for laboratory, central station, fac- 
tory, and field applications. 

For General Testing, the AP-11 for a-c/d-c and the matching DP- 
11 for d-c are rated at 14 of 1% of full-scale values and provide 
accurate measurements in electric utility, contractor and repair 
shop applications. Small-size types AP-9 for a-c (rated at 34 of 
1%) and DP-9 for d-c (rated at 14 of 1%) are also available. 


*Reg. trade-mark of General Electric Co. 


LOOK AT THE FEATURES IN G-E PORTABLES TO ASSURE PRECISE MEASUREMENT. 


A-C AMPERES 
, ASA 1/4% ACCURACY CLASS 


GENERAL @ ELECTRIC 


MADE INU SA. 
rice 9 


MORE UNIFORM SCALE DISTRIBUTION is now possible for high-accuracy 
a-' measurements. Note how much more precisely readings can be made, 
es; ecially at lower end of scale. New window admits light from three sides. 


é; 


WRITE FOR BULLETINS —Ask 
for GEC-979, GEC-1384 and 
instrument catalog GEC-1016. 


SPRING-MOUNTED JEWELS cush- 
ion pivots to avoid pivot blunting 
and jewel cracking. 


FOF FULL INFORMATION, WRITE SECTION 582-18, GENERAL ELECTRIC CO., SCHENECTADY 5, N. Y., OR CONTACT YOUR NEAREST G-E APPARATUS SALES OFFICE. 


GENERAL @@ ELECTRIC 
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\ 4 \ skill find their reward in limitless opportual 


Science has unlocked a vast new frontier— 
ties in an expanding organization. 


the limitless areas of space, man’s most daring Ap 
and intriguing exploration yet. Leading in the ; ow 
race to conquer these new worlds are Ameri- - . IMMEDIATE OPENINGS FOR 
can scientists and engineers . . . descendants Computer Sales Engineers 
of the “not-so-long-ago” pioneers who devel- m Field Location Engineers 
oped our great country. — El . . 
: R ; ' 2 ectronic Engineers 

At UNIVAC you will be working with men I 08 C 

who developed much of the basic knowledge of computers—who designed gree eee & Component 
2 line. Tas 
and produced components being used by other manufacturers in the field. werden cneeees 
Physicists 


Univac has set the standards that others follow. 
Now is the time to come to Univac where ambition and professional Mechanical Engineers 
Mathematicians 


Programmers 


Send complete resumé to 


Hemington. Hand Univac. 


DIVISION OF SPERRY RAND CORPORATION 
AT ANY ONE OF THESE FOUR PLANT LOCATIONS 
Mr. D. A. Bowdoin Mr. Frank King Mr. J. N. Woodbury Mr. Cal Bosin 
Dept. PJU-27 Dept. NJU-27 Dept. SJU-27 Dept. YJU-27 
2300 W. Allegheny Ave. Wilson Avenue 1902 W.Minnehaha Ave. 315 Fourth Ave. 


® Registered in U. S. Patent Office Philadelphia, Pa. South Norwalk, Conn. St. Paul W4, Minn. New York City 
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CONSOLIDATED ELECTRODYNAMICS CORP. an- 
nounces completion of their new, three-story, $1.5 million 
research, engineering and marketing building in Pasa- 
dena. The entire building is air-conditioned a areas de- 
voted to engineering and research are soundproofed and 
separated from supporting activities. Two acres of the 
eight-acre site have been reserved for future expansion. 


BARTON INSTRUMENT CO. will have its new 30,000- 
sq-ft, $200,000 air-conditioned building completed in 


July. Construction is tilt-up concrete slab; 53,000 sq ft of 
paving is planned for parking. 


BECKMAN INSTRUMENTS, INC., announces acquisition 
f Lou-Bar Products, manufacturer of precision com- 
yonents for automatic control systems. 


TEXAS INSTRUMENTS, INC. announces an agreement 
o acquire the Wm. I. Mann Co., producer of precision 
optical components. . 


FISHER GOVERNOR COMPANY announces appoint- 
ment of J. G. Chilcoat and Co., Pgh., Pa., as their sales 
representative for W. Pa. and W. Va. 


THE RAMO-WOOLDRIDGE CORP. is building the 
initial unit of their nine-building Research and Develop- 
ment Center near the Los Angeles International Airport. 


New Plants 
and Mergers 


MINIATURE PRECISION BEARINGS, INC., has opened 
its new plant at Keene, N.H. for production of miniature 
ball bearings. 


BARBER-COLMAN CO., Wheelco Instruments Div., an- 
nounces appointment of Instruments, Inc. as exclusive 
representative for Wheelco Industrial Instruments and 
Combustion Safeguards in the Tulsa area. 


HEWLETT-PACKARD CO. expansion program is well 
under way with the first unit of the six-building project 
slated for mid-winter occupancy. Nothern and eastern 
Ohio and western Pa. has been added to the territory of 
S. Sterling Co., representatives. 


BURROUGHS CORP. announces opening of two new 


labs in suburban Phila., a $1.5 million investment to 
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Thermopiles 


For many years the thermopile has obtained with windows of different 


instrument for materials, and various types of black 


measuring Radiant Heat from Radiant 
Heaters at the American Gas Associ- 
ation Testing Laboratory in Cleveland, 
Ohio. Since 1930, when Vandaveer 
first described his work in this field,* 
an Eppley thermopile has been used 
for this purpose in hundreds of tests 
and the results have been consistent 
and accurate to within | per cent. 
This is but one of many applications 
in the field of radiant energy meas- 
urements for which Eppley Thermo- 
piles are ideally suited. They may be 


are available for receiver coatings. 

All Eppley Thermopiles are supplied 
with a certificate of calibration, this 
calibration being made against a 
Standard Lamp from the National 
Bureau of Standards. 

If you have a problem involving the 
measurement of radiant energy we 
invite you to write us, describing your 
problem in as much detail as possible. 
We will be glad to make recommen- 
dations and there will be no obliga- 
tion. 








*Vandaveer, Industrial & Engineering Chemistry, Vol. 22, page 596, June 1930. 
BULLETIN No. 3 ON REQUEST—Address: 2 Sheffield Ave., Newport, R. I. 





THE EPPLEY LABORATORY, INC. 


1 ee On a 


SCIENTIFIC INSTRUMENTS 
RHODE ISLAND, JU. S. A. 
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You get 


in Moeller Industrial Thermometers 
because our business has been the design and manufac- 
ture of temperature measuring instruments since 1867. 


Moeller Industrial Thermometers are made in any form— 
straight angle, right or left side angles, reclined or inclined 
angles, in scale ranges of —120°F to plus 1125°F or in 
centigrade equivalents. Available in 5”, 7, 9° and 12” 
scale sizes with plain stems, union connection stems and 
separable sockets in all stem lengths and alloys. Mail the 
coupon today for detailed information. 


M @) E L [ * R 132nd ST. and 89th AVE 
RICHM 


OND HILL 18,N. Y 
INSTRUMENT COMPANY 


Gentlemen: Without obligation, please send me Moeller 
Catalog No. 150 on Industrial Thermometers. 
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supplement the Central Laboratory’s electronic research 
and development program. 


BORG-WARNER CORP., BJ ELECTRONICS, announce 
that all four BJ Electronics plants began operations in a 
single, new, Santa Ana plant that more than doubles their 
former working space. 


NATIONAL CASH REGISTER CO. has dedicated its 
52,000-sq-ft Electronics Div. structure devoted to research 


and design in advanced electronic computers for business 
systems. 


COMPUTER-MEASUREMENTS CORP. announces the 
following new representatives: L & M Assocs. for N.Y.. 
L.I., N.J., and E. Pa.; M.P. Odell Co. for Ohio, E. Mich., 
N. W. Va., and W. Pa.; Mitchell Speairs Co. for Texas 
and Okla. 


AMERICAN RESEARCH CORP. recently broke ground 


for their new 8500-sq-ft plant in Farmington, Conn. 


AMERICAN MACHINE & FOUNDRY CO., Sterling 
Engineering Div., has been made a subsidiary of Potter & 
Brumfield, Inc. to coordinate activities of the two manu- 
facturers of relay switches. 


THE GAMEWELL COMPANY announces new precision 
potentiometer representation. N. Ohio and W. Pa. will 
be covered by newly formed Electro-Sales Assocs., Inc. ; 
Luscombe Engineering Co. will handle West Coast. 


G. M. GIANNINI & CO., INC., Electromechanical Div.. 
has a new air-conditioned building for engineering, de- 
velopment and production of electromechanical products. 


PERKIN ENGINEERING CORP. has added the territory 
of N. Calif., Arizona and Nevada to McCarthy Associates. 


CONCORD CONTROL, INC., Cambridge, Mass., has 
been formed to specialize in the development and manu- 
facture of numerical control equipment for machine tools 
and industrial processes. 


HYCON MFG. COMPANY has established a new Cam- 
era and Instrument Div. to consolidate photographic and 
special products. 


WHEELCO INSTRUMENTS DIVISION, Barber-Colman 
Co. announces establishment of a branch office in Hous- 
ton, Texas. 


TEXAS INSTRUMENTS, INC. announces combination of 


their Semiconductor Products and Components divisions. 


NON-LINEAR SYSTEMS INC., Del Mar, Calif., announ- 
ces appointment of Robert A. Waters Inc., Wayland, 
Mass., as their New England representative. 


REEVES INSTRUMENT CORP. announces sales opera- 
tions in the Greater New York area will be conducted 


from their new office at 215 E. 91 st., New York 28, N. Y. 














MICROANMMETER 
MILLIVOLTMETER 


RECORDER 





* Measures low-level de signals with calibration accuracy 
within 0.5%, and sensitivity within 0.2% of span. 


* Records on 3” continuous strip chart or IBM-type card 
chart, with linear coordinates. 


* Positions recording pen with force many thousand 
times greater than usual direct-deflection electrical 
movements. 


Operates on force-balance principle compensating for 
ambient conditions, changes in power supply and com- 
ponents. 


Gives high-speed recording — up to 0.05 seconds for 
63% of fullscale changes. 


Provides span and zero adjustments for ease of calibra- 

tion and zero suppression in the field, without special 

equipment. 
The new ‘American-Microsen’ Series 130 Re- 
corder is a highly sensitive microammeter or 
millivoltmeter that gives positive, accurate elec- 
trical measurement and rugged, maintenance- 
free service. Yet the unit costs less than other 
recorders for the same purpose. 


Heart of the Series 130 Recorder is the “Micro- 


NEW 








., I! 


sen” balance that converts low-level de input 
signals into powerful output current to drive the 
recording pen. Pen position is fed back to the 
input. Consequently, the recording unit is force- 
balanced in precise relationship with the input 
signal. Power is ample to operate alarm contacts, 
which are available. 


SPECIFICATIONS 
POWER SUPPLY: 115 volts, 60 cycles. POWER REQUIREMENT: 9 watts 
INPUT RANGES: Voltage — 0-20 millivolts to 0-100 volts dc. Current — 0-200 


microamperes to 0-100 milliamperes dc. Input Sensitivity — 6700 ohms per 
voit. 


ACCURACY: + 0.5% of span. SENSITIVITY: + 0.2% of span. REPEATABILITY: 
+ 0.25% of span. 


EFFECT OF SUPPLY VOLTAGE: Less than 0.5% error 90-130 volts. 


EFFECT OF AMBIENT TEMPERATURE: Less than 0.5% error 50° to 100° F., 
and less than 1% to 130° F. 


RESPONSE TIME: Fast Speed — 0.2 seconds standard for 63% of fullscale 
input change; up to 0.05 seconds for 63% on special order. Slow Speed — 
approximately 4 times fast speed setting. 


SHOCK RESISTANCE: Withstands shock up to 30 times gravity. 


CHART SPEEDS: Strip Chart — 1” per hr., standard; 3” or 6” per hr. avail- 
able. Card Chart — 1 rotation per day, standard. 


SPAN ADJUSTMENT: + 10% of span. ZERO ADJUSTMENT: + 100% of span. 
PRICE: $250.00 consumer net for standard models. 








EEL Write for Bulletin MG10 


_ MANNING, MAXWELL & MOORE, INC. 


MAXWELL 


° 
2 z 
z 8 
z x 
= 2 


INDUSTRIAL CONTROLS DIVISION, STRATFORD, CONNECTICUT 


MAKERS OF ‘AMERICAN-MICROSEN’ ELECTRONIC TRANSMITTERS, INDICATORS, RECORDERS, CONTROLLERS, 
ELECTRO-PNEUMATIC VALVE POSITIONERS AND ELECTRO-HYDRAULIC CONTROL VALVE OPERATORS. 


TRADE MARK 
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relays 





CLASS A: 
The “all-purpose” relay for use where first 
cost is important. Gives long, dependable 
service. Size: 4¥e” x 236” x 17/6”. 





CLASS B: 
Made for extremes of long service life and 
dependability — often exceeding 400 
million operations! Size: 4%” x 2%" x 


1%”. 





CLASS F: 
Low operating power makes this relay espe- 
cially desirable in a.c. circuits where relays 
function without specified operate or release 
time delays. Size: 45” x 11546” x 1%”. 





CLASS S: 
Made for exacting miniature,requirements. 
Used in aircraft where resistance to shock 
and vibration is needed in a small, light, 
reliable relay. (For printed circuit applica- 
tions—see below.) Size: 2%.” x 2” x 1%”. 





CLASS Z: 
Provides maximum timing in a “small-as- 
possible,” low-cost relay. Compact, light, 
resistant to shock and vibration. Size: 34” 
x 2%" x 11%", 





“PLUG-IN” RELAY FOR PRINTED CIRCUITS 
Design of coil and spring terminals permits 
direct insertion into printed circuits with 
high-conductance connections, easily sol- 
dered. Bearing design gives up to 120 
million operations without readjustment or 
relubrication. Size: 134” x 1546”-1%" (de- 
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For any application, you can choose an Automatic 
Electric relay—a top-quality relay in every way—with 
the additional advantages of plug mounting: 
Minimized inventory—When you standardize on 
plug-in relays, you can often interchange, the same 
basic relay in many models of your equipment. Thus, 
you make substantial savings by reducing your inven- 
tory costs, speeding assembly. 

Fast, simplified inspection and maintenance — Plug- 
in relays permit periodic bench inspections with almos:* 
no “down time” involved. Entire banks of relays can be 
removed for testing, and then replaced, in seconds. 


Simplified replacement— Piug-mounted relays can be: 
replaced quickly and easily at otherwise inaccessible 
points in your equipment. Even an unskilled service 
man can replace relays in a matter of seconds withou* 
tampering with circuit wiring. 

You can select Automatic Electric plug-in relays fron 
five basic types and thousands of individual assemblies 


Send for Relay Circulars 1800 —1804 —They giv: 
complete specifications, dimensional drawings, and help 
ful information. Address Automatic Electric Sales Cor 
poration, 1033 West Van Buren Street, (HAymarke 
1-4300) Chicago 7, Illinois. In Canada: Automatic Elec 
tric Sales (Canada) Ltd., Toronto. Offices in principa 
cities. 


AUTOMATIC a ELECTRIC 





Originators of the dial telephone + Pioneers in automatic control ty 


pending uponnumber of contact springs) x1”. 
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CONSOLIDATED ELECTRODYNAMICS CORP., Pasa- 
dena, announces appointment of William F. Johnson as 
director of sales, Russell R. Palmer as manager of sales 
operations, and Linden G. Criddle as manager, Special 
Products Div. 


W. F. Johnson 
CEC 


LEEDS & NORTHRUP CO. announces appointment of 
Donald E. Moat to position of director of marketing, and 
G. Lupton Broomell Jr. as assistant director of engineer- 
ing, acting head of engineering and inspection depts., and 
member of the executive operating committee. 


RICHARDSON SCALE CO., Clifton, N. J., has named 
Walter M. Young director of sales. 


UNDERWOOD CORP. Albert A. Auerbach has been 
named chief engineer of the company’s Electronic Com- 
puter Div. ° 


FENWAL INC., Ashland, Mass. James R. Keough has 
been appointed manager of manufacturing, and E. Sohier 
Welch chief research engineer. 


TEXAS INSTRUMENTS INC. Dr. John A. F. Gerrard is 
now director of geophysjcal research in the central re- 
search division. New promotions within the apparatus di- 
vision include; Cecil L. Covington, controller; R. E. 
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R-1047-10 


IN THE NEWS 


Houston, personnel director; W. H. Owen, chief indus- 
trial engineer; and /ngram Lee I/, production manager. 


EECO PRODUCTION CO. announces appointment of 
Theodore W. Jarmie as vice president and general 
manager. 


T. W. Jarmie 


J.C. Koch © 


é i : Conojlow 

CONOFLOW CORP., Phila., Pa. John C. Koch, vp an 
general manager of Conoflow and president, Phila. See- 
tion, ISA, has been elected president of The Fluid Con- 
trols Institute, Inc. 


NATIONAL BUREAU OF STANDARDS announces Pr. 
Lewis V. Judson, chief of the length section of the optics 
and metrology division, has been given the Department 
of Commerce Silver Medal for Meritorious Service. 


QUICK-LOOK RECORDING SYSTEM 


t 

| 256 ANALOG LEVELS ON.5 INCH 

| ELECTRO-SENSITIVE PAPER. READABLE 
| TO AN ACCURACY OF ¢ 0.2% 


MULTI-STYLI 
RECORDER 








WRITE FOR 
ADDITIONAL 
INFORMATION 


RADIATION Inc. 


Melbourne, Fla. 
Orlando, Fla. 





Electronics ° Avionics ° Instrumenitetion 
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OFFICE AUTOMATION 
conference for 
SENIOR EXECUTIVES 


New Yorker Hotel 






Co-sponsored by 
FORDHAM UNIVERSITY SCHOOL OF BUSINESS 
and the 


THIRD INTERNATIONAL AUTOMATION EXPOSITION 
November 26, 27 


> Managed by GORDEN L. MATTSON, office 
automation consultant and director of the first 
conference. 










P Objective: to provide top management with 
information to guide them in making use of 
automation in data processing, etc. 






Pm 8 sessions. 


Write: RICHARD RIMBACH ASSOCIATES, INC. 
Room 359, 525 Lexington Avenue 
New York 17, New York 
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THE MOD 


An Indicating Ionization Gauge for precise 
pressure measurements between 10-* and 10-% 
mm. mercury. 
DESIGN IMPROVEMENTS INCLUDE: 
e Elimination of zero drift 
e Improved protective circuit 

e Improved degassing circuit 

e Completely stabilized power supply 
e Linear Response 


George K. Fredericks Co. 


BETHAYRES . PENNSYLVANIA 
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THE SWARTWOUT CO. has appointed J. R. Walchli as 
product manager of the southeastern regional office for 
the Autronic Process Controls Div. 


MINNEAPOLIS-HONEYWELL REGULATOR CO. has 
appointed Glenn E. Seidel to the newly-created position 
of vp in charge of engineering. 


NORDEN-KETAY CORP. Perry R. Roehm was elected 
to succeed Morris F. Ketay as president on June 1, 1956. 


BENDIX AVIATION CORP., Computer Div., Los Angeles, 
has appointed O. Paul Staderman director of marketing 
for the Computer Division. 


ROBERTSHAW-FULTON CONTROLS has appointed 
Charles D. Branson as assistant director of research. 
George L. Leupold has been appointed assistant general 
sales manager of the Fulton Sylphon Div. 


C. D. Branson 


Robertshaw-Fulton 


















C. E. Balz 


Burgess 


BURGESS BATTERY CO. Charles E. Balz, sales manager, 


has been named vice president for sales. 


HYCON MFG. CO., Pasadena, has appointed William 


C. McFadden as executive vice president. 


BAUSCH & LOMB OPTICAL CO. has elected Alton K. 


Marsters as vice president in charge of sales. 


AMPHENOL ELECTRONICS CORP. announces appoint- 
ment of Dr. Rodolfo M. Soria to vice president of engi- 
neering. 


DR. JOHN VON NEUMANN, AEC Commission, is the 
first recipient of the Enrico Fermi Award comprising a 
medal, citation and $50,000, made in recognition of 
Dr. von Neumann’s contributions to theory and con- 
struction of computing machines. 





AMERICAN METER CO., INC., Phila., has named 
Robert R. Troyer as assistant to the advertising manager, 
and Richard E. Martin as sales-engineer for the Pitts- 


burgh sales district. 


POWERS REGULATOR CO., Skokie, IIl., announces 
election of Kenneth M. Stevens as a director. Harold C. 
Mueller, president, has been elected president of the Illi- 
nois Tech Alumni Association. 


Iu Memoriam 


JOSEPH F. TAYLOR, chairman of the board, Bausch & 
Lomb Optical Co., passed away June 13 at the age of 
67 following a prolonged illness. 


CARL W. JOHNSON, senior vice president of Clevite 
Corp. since 1948, died on June 5, 1956. 
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use with BJ Vibrotron Digital Gages 


Indicates measurement signals from remote Vib- steps of 0.1 for a percentage type indication allow- 
rotron digital sensing gages directly in numbers. ing maximum utilization of digits. 


Pressure, temperature or flow measurements are 
indicated directly in absolute or percent full scale 
numbers. 


Visual read-out is provided from 000 to 999 in 5 Supplementary memory feature...see below. 


4 May be used with printer or electric typewriter 
for permanent digital recording. 





BJ VIBROTRON Make your systems count! This 





new P-T-F Digital Indicator is one 


DIGITAL GAGE of a group of BJ digital systems 


The heart of BJ digital systems is the building blocks engineered to indi- 
patented Vibrotron gage. This elec- cate, record and control pressure, 
tronic sensing device utilizes a vibrating, temperature or flow operations. 
wire which is tuned by an element sensi- The P-T-F Digital Indicator and its 
tive to pressure, temperature or flow. auxiliary Memory File are designed 
The Vibrotron gage generates its own for standard relay rack mount or 
precision measurement frequency sig- . ean be individually cased. 

nals which can be transmitted by radio 
link or direct wire without loss of 
accuracy. 











For full information on these and 

other new BJ-Borg-Warner prod- 

ucts, write for the special technical 
— file “Make Your Systems Count?’ 














BJ MEMORY FILE = Pv og gfe). if en 


This companion unit allows the BJ Digital Indi- 
cator read-out to be set to any desired base number 
(such as 000) ...and retains this base as a digital 
constant, 


3300 Newport Boulevard + Santa Ana, California 
For more information circle 40 on inquiry card. 
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Magnet assemblies ac- 
commodate from 1 to 
12 active galvanome- 
ters plus 2 static ref- 
erence traces each 
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Series 700C oscillographs 
provide 1 to 60 channels 










The 700C oscillograph 
will fill your minimum 
recording needs, yet will readily 
expand to cover your broadest 
requirements. For instance : 










@ You can start with a minimum-budget recording 
oscillograph and equip it for one-channel recording 
if you like. But this same instrument can easily be 
expanded to a 60-channel instrument as it takes on its full 
complement of five magnet assemblies holding twelve 
galvanometers each. 












@ It’s easy to insert more galvanometers as needed. 
Each Heiland magnet assembly is completely pre-wired with 
galvanometer and heater connections. When several more traces 




















Panel for 28 volt DC , are needed, another magnet assembly can be installed without 
power input ‘ special tools in less than 15 minutes. Neither model requires 
4 dummy galvanometers; there is no need for a full complement 

Panel for 115 volt : of galvanometers. 







50-to-400 cycle AC 
power input 






@ The 708C, using 8-inch paper, will record one phenomenon 
or 36. The 712C, using 12-inch paper, records from 1 to 60 
phenomena. Both models will also operate on any width paper 
down to 2”. Paper speeds are from .03 to 144 inches per second. 


@ Use the same instrument on DC or AC... just specify 
the proper power supply panel. 


@ Use either instrument on the work bench, in a relay rack, 
or in airborne or mobile installations. 













For complete details, write for Bulletin No. 701-EA 


Honeywell 5200 E. EVANS AVE., DENVER 22, COLORADO 


wal than L, TESA AU Va ‘hacy] SALES—SERVICE FACILITIES AROUND THE WORLD 


For more information circle 41 on inquiry card. 
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SIGNIFICANCE 


In this “Biographies of Signifi- 
cance” feature you have met leaders 
in instrumentation in the fields of 
research, petroleum plant operation, 
analog computation, aviation, and oil 
and gas distribution. This month you 
will learn what type of man super- 
vises the instrumentation associated 
with plant engineering, design and 
construction. 

The Fluor Corporation, Ltd. of Los 
{Angeles both engineers and con- 
structs plants—chemical, rubber, pe- 
troleum, power generation, atomic, 
etc. Glen Gallagher is Principal In- 
strument Engineer for Fluor—a key 
position within a key field of instru- 
jaentation. 

He has made pioneering contribu- 
tions in all fields today considered 
«s the frontiers of modern process in- 
-trumentation—graphic panels, elec- 
tronic control systems, automatic 
process data loggers, etc. He is Presi- 
dent of the SCMA and a charter and 
active member of the ISA. 

We are pleased this month to in- 
troduce you to Glen C. Gallagher, 
und to acknowledge his outstanding 
contributions to the field of Instru- 
jaentation, 


GLEN G. GALLAGHER 


Glen G. Gallagher was born Octo- 
her 9, 1909, in Palmer, Indiana. He 
attended a technical high school in 
Hammond, Indiana, gaining early 
experience in mechanical and electri- 
cal equipment by taking automotive 
and electrical courses. Later he took 
a correspondence course in electrical 
engineering and evening courses in 
mathematics and industrial instru- 
mentation from Purdue, Indiana, and 
Southern California universities. 

He obtained his first experience in 
mechanization or mass production as 
a mechanic, working for the Ford 
Motor Co. in the Chicago area in 
1929. For its day, this plant was 
highly mechanized and assembled 
600 of the first Model A Fords per 
eight hour day—one every 45 sec- 
onds, This experience probably pro- 
vided the background that guided 
Clen’s later life into instrumentation 
and automation. 

In September of 1929 he made his 
first contact with the petroleum in- 
dustry, an industry he is still asso- 
ciated with indirectly. This contact 
was with Cities Service Oil Co. at 
Fast Chicago, Indiana. He worked 
on the construction of this plant as 
ai electrician, installing instruments 
and control equipment. When the 


a 
an 
AUTOMATION 


Biographies 





of significance 


PRESEN? 
SENT Conta, Center 


Glen Gallagher, principal instrument engineer of The Fluor Corporation, Ltd., 
compares a model of control center of the future with a present-day control 


center. 


plant was completed, he transferred 
to operation as an instrument me- 
chanic, and eventually as head of the 
instrument department. He was in 
charge of all instrument maintenance 
and repair in a plant that was con- 
sidered ultra modern in.those days— 
with $50,000 worth of instruments. 

In 1937 he joined Universal Oil 
Products Co. in Chicago as a field 
instrument engineer. For the next 5 
years he worked on instrument and 
control problems in some 70 refiner- 
ies in the United States, Canada, 
Mexico, Trinidad. 

After Pearl Harbor, he was 
brought in to Chicago headquarters 
to head up the Instrument Applica- 
tion and Engineering Section of 
UOP. In this capacity he directed and 
trained many instrument engineers 


in the application of instruments and 
controls to a great number of pe- 
troleum processes. Many of these 
were for the manufacture of aviation 
gasoline for the war effort. As the 
plants were completed, he and the 
other instrument engineers went to 
the field to assist in the start up of 
these plants. As a result, much valu- 
able “feedback” of information was 
obtained to improve future plants. 

In 1948, Glen joined the Fluor 
Corporation, Ltd., in Los Angeles as 
Principal Instrument Engineer, a po- 
sition he holds today. In this assign- 
ment he gained additional experience 
in the control of petroleum plants, 
as well as branching out into the 
control of chemical plants, steam- 
electric power plants, and atomic re- 
actors. During his first five years 
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Pictured at right 
is the Burroughs 
E101, a desk- 
size computer 
that’s as simple 
to operate as a 
conventional desk calcu- 
lator — yet performs the 
automatic operations of a 
large-scale computer. 


Send Complete Resume to 
M. E. JENKINS _ 
Placement Manager 


For Interview 
at Your Convenience 








Engineers + Physicists 








Both Defense and Industry 
Demand Specialists... 


And, — here in BURROUGHS three 
ultra-modern Research Laboratories, 
such men who are truly dedicated to 
their profession are pursuing extensive 


. basic and applied research programs 


... developing new Computing, Infor- 
mation Handling and Data Processing 
equipment to keep pace with our ever- 


expanding economy . . . providing 
BOTH business and government with 
the most efficient and effective elec- 
tronic machinery ever devised by man. 

Included in the many areas of re- 
search and development now under 
way are such well known governmental 
projects as — 


IRBM - ICBM + SAGE 


We have proved our abilities to handle such tasks as well as many other far reaching 
assignments. Today’s demands for Engineers and Physicists are, therefore, based on 
a need to further supplement our efforts in these and allied fields. 


LOOKING TO FUTURE EXPANSION 


Burroughs invites inquiries from those qualified as: 


ELECTRICAL ENGINEERS 


¢ MECHANICAL ENGINEERS 


ELECTROMECHANICAL ENGINEERS + PHYSICISTS 
MECHANICAL DESIGN ENGINEERS - MATHEMATICIANS 


. in the following fields — Control 
Computers, Pulse Circuitry, Digital 
Computers, Optical Devices, High Speed 








The FOREMOST NAME 


In Computation 





Gee 





Mechanisms, Gyid« d Missiles, Solid 
State Circuitry, Electronic Packaging, 
Electrographic Recording Devices. 


Burroughs 








CORPORATION 
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RESEARCH CENTER 
PAOLI, PA., NEAR HISTORIC VALLEY FORGE 


<urroughs | 


BUSINESS 





BURROUGHS MEANS 
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BIOGRAPHIES —cont. 





in this assignment the Instrument 
Section also handled hydraulics, 
which included all line sizing and 
pressure-drop calculations. 

Because of his strong practical 
background, Gallagher has forged an 
Instrument Engineering Section of 
wide versatility at Fluor. His men 
are not only responsible for office 
enzineering, but also perform con- 
trol system check-outs and calibra- 
tion in the field, and assist with start 
ups. The wide experience and capa- 
bi ities he has cultivated in his men 
mike it possible for Fluor to turn 
o\2r operating, controllable complex 
plints to their customers. 

Presently, he is supervising 20 in- 
st ument engineers responsible for all 
m-asurement and control, including 
re ief valves and safety systems. He 
ws one of the early pioneers in the 
design of graphic panels, and large- 
ly responsible for the first all-elec- 
tronic transmission and control sys- 
len being installed in a West Coast 
refinery about two years ago. 

His group at Fluor is now pioneer- 
ins the application of automatic data 
loxging and scanning to process in- 
dustries. This is a field in which 
len has been interested since his 
early days with Universal Oil Prod- 
ucts. 

He has also had a guiding hand 
in the development of many impor- 
tant instruments and instrument tech- 
niques. Notable among these is the 
“Vapor Pressure Controller” for 
fractionating columns. Another first 
to his credit is the introduction of 
hydraulic systems as the control med- 
ium for butadiene dehydro plants. 
In one plant, as much as one half 
million dollars were saved by using 
hydraulic operators, rather than us- 
ing the electric motor operators 
which had been considered stand- 


ard on these plants for many years. 

Glen is a registered professional 
engineer in California; a charter 
member of the Instrument Society 
of America; member of the I.S.A. 
Recommended Practices Committee, 
and chairman of its “Instrument 
Specification” Sub-Committee. He 
has also served on the Steering Com- 
mittee of the A.S.M.E., Instruments 
and Regulators Division. At present, 
he is president of the Southern Cal- 
ifornia Meter Association. 

Glen has also contributed consid- 
erably to instrument literature by 
writing or co-authoring the follow- 
ing papers; (1) “Minimizing Instru- 
ment Maintenance in Designing Avi- 
ation Gasoline Plants” (with Dr. 
D. J. Bergman), A.S.M.E., New York 
1943; (2) Chicago Production Show 
paper (1945); (3) “Control of Nar- 
row Boiling Fractionating Columns,” 
I.S.A., Chicago (1947); (4) “Graph- 
ic Instrumentation and Installation,” 
S.C.M.A., Los Angeles 1951; (5) 
“What's New in Centralized Instru- 
mentation in the Process Industries,” 
A.S.M.E., Los Angeles 1952; (6) 
“Trends in Modern Instrumentation,” 
C.N.G.A., Los Angeles 1953 and /n- 
struments & Automation, Jan., 1954; 
(7) “Automation, Friend no Foe,” 
Fluor-O-Scope, Los Angeles, July-Au- 
gust 1955; (8) “Future Trends in Au- 
tomation” (with R. A. Robinson), 
A.S.M.E., New Orleans, 1955; /n- 
struments & Automation, Feb., 1956. 


Glen tells us, “I saw my first copy 
of Instruments magazine in 1930, and 
have been a very faithful reader of it, 
from that day on. 

“In the three companies that I 
have worked for, I have always seen 
that Jnstruments and Automation 
was circulated to all members of the 
Instrument Section. In addition, I 
might add that of the twenty-one In- 
strument Engineers here at Fluor, fif- 
teen get their own copy.” 








BALZERS 











i? CABLE ADDRESS 
ROLYN’’ LOS ANGELES 
PHONE: DOUGLAS 7-2300 





[hin Filme Optica 
From the Principality of Leichtenstein Swiss Customs Area 


Front Surface Mirrors, Cold Mirrors, Achromatic Beam Splitters, 
Dichroic Beam Splitters, Monochromatic Interference Filters, 
Wedge Interference Filters, Heat-Reflecting Interference Filters, 
Cut-Off Filters, Anti-Reflection Coatings, Heat Protective Coat- 
ings and many other thin layers. 


Robert M. Lynn 


(ROLYN COMPANY) -- ESTABLISHED 1923 
OPTICAL — GLASS — PHOTO 
319 North Santa Anita Ave. « Arcadia, California 


Balzers means research in high vacuum process 


ADDRESS REPLY TO 
P. O. BOX 745 
ARCADIA, CALIFORNIA 





For more information circle 150 on inquiry card. 


UNMATCHED ACCURACY | 
at highest 
working pressures 


At pressures up to 2000 psi, 
this Meriam Manometer 
provides critically accurate 
flow or differential pressure 
measurement. Constructed 
of solid bar stock steel, all 
parts are precision fitted, 
hand lapped. Each unit 
is cold hydraulic test- 

ed to 5000 psi. 


Meriam provides 
basic simplicity... 
and permanent ac- 
curacy ininstrumen- 
tation... extending 
to the highest oper- 
ating pressures. 


* Heot treated glass 


bor cover 


* Stainless steel back- 


ing bar 


* Ranges to 70 


inches mercury 


Write for Bulletin C-12. 
Meaam Manwmeter Lnsleumentation 


.. far pressuces, vacuums, 
flows, laguid level, 


INSTRUMENT COMPANY 
10920 Madison Ave. « Cleveland 2. Ohio 





For more information circle 42 on inquiry card. 
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Pressure gage courtesy J. E. Lonergan Co., Philadelphia 6, Pa. 


Beryllium Copper Tubing by Superior 


This unusual term describes perfectly one of the most 
important properties of beryllium copper tubing. The 
Bourdon tube shown above is an excellent example. 
Once the beryllium copper tube is in the gage, it 
“remembers” its job and acquires no new habits. It 
yields constantly to pressure and as constantly returns 
to its original position without taking a new “‘set.” 


Beryllium copper tubing by Superior has this and many 
other important characteristics to a marked degree, 
such as hardenability, corrosion and fatigue resistance, 
thermal and electrical conductivity. It is easy to fab- 
ricate, it is nonmagnetic. 


Beryllium copper tubing lends itself to a wide variety 
of applications. It can be severely worked to form con- 
voluted flexible waveguides and bellows. Cold. drawn 
to specifications, followed by proper hardening, it 





makes an excellent aircraft antenna, with the strength 
to withstand thousands of hours’ vibrating in 100 mph 
winds. Used as a contact roll in a business machine 
collator, it is wear and corrosion-resistant, and a good 
electrical conductor. Or, as above, shaped for use as a 
Bourdon tube, it is tough, ductile, durable—and holds 
its original shape. 


Superior produces tubing in over 63 analyses... in 
stainless, alloy and carbon steels, nickel and _ nickel 
alloys, beryllium copper, titanium and zirconium. Let 
Superior’s tubemanship and experience help you solve 
your tubing problems. You'll like the service and the 
products—they are habit-forming. Send for your free 
copy of Data Memorandum No. 7 on beryllium cop- 
per tubing. Write Superior Tube Company, 1968 Ger- 
mantown Ave., Norristown, Pa. 


woertar lade 


The big name in small tubing 
NORRISTOWN, PA. 


All analyses .010 in. to % in. OD—certain analyses in light walls up to 2% in. OD 





West Coast: Pacific Tube Company ® 5710 Smithway St., Los Angeles 22, Calif. e RAymond 3-1331 


For more information circle 43 on inquiry card. 
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Standards for a Strong America. 
1954. American Standards Associa- 
tion, New York 17, N. Y. 97 p., un- 
bound. $3. Papers at fifth National 
Conference on Standards, and 36th 
innual meeting of American Stand- 
irds Association. 


Electrometric pH Determina- 
tions; Theory and Practice, by Roger 
G. Bates. c1954. John Wiley & Sons, 
New York 16, N. Y., 331 p. $7.50. 914 
in. Purpose is (1) to present the the- 
oretical basis for an electrometric 
scale of acidity, and (2) to offer a 
practical handbook of experimental 
aspects of determination. 


Introduction to Physies, by Frank 
M. Durbin. 1955. Prentice-Hall, 70 
Fifth Ave., New York, N. Y. 780 p. 
914 in. First course for college stu- 
dents, including review of algebra 
and geometry. About one-third of the 
book is devoted to “modern” physics. 


Kleines Handbook Technischer 
Regelvorgange, by Winfried Op- 
pelt. 1954. Verlag Chemie, G.m.b.H., 
Weinheim/Bergstr. 447 p. DM 31.80. 
Manual of automatic control with in- 
troduction to mathematical _ treat- 
ment, and chapters on the controlled 
system, the automatic controller, the 
control loop, the multi-loop control 
system, and discontinuous control ac- 
tion, 


Laboratory Instruments; Their 
Design and Application, by A. El- 
liott and J. Home Dickson. 1953. 
Chemical Publishing Co., New York 
10, N. Y. 414 p. $7.50. 81% in. Con- 
siderable attention to glass, metals 
and plastic materials for construction 
of instruments. Chapters on sensitiv- 
ity and errors, and on isolation of in- 
struments from disturbing influences. 
Major attention to optical instru- 
ments. 


The Optical Industry Directory, 
([1954.] Optical Publishing Company, 
Huntington, Long Island, N. Y. Vari- 
ous paging, unbound. $5. 101% in. 
Separately paged sections [148p.] in- 
clude American and foreign manu- 
factures and suppliers, a classified 
list of products, and “personnel of 
the industry”. 


The Physics of the Stratosphere, 
by R. M. Goody. 1954. Cambridge 


Books 


Univ. Press, Bentley House, London 
N.W.1, London, England. 187p. $5. 
81% in. Concerned with physics of the 
atmosphere from above the weather 
—forming layers to the base of the 
ionosphere. Discusses temperature 
and chemical composition, the prob- 
lems of ozone, winds, turbulence, and 
thermal equilibrium. Deals with 
equipment, experimental methods and 
results, and emphasizes the difficulties 
of interpretation. 


Standard Samples and Reference 
Standards Issued by the National 
Bureau of Standards. 1954. U. S. 
Government Printing Office, Wash- 
ing 25, D.C. 23p., unbound. 25c. 10 
in. (Circular 552). Lists more than 
five hundred standard samples of 
ores, metals, ceramics, chemicals and 
reference standards. 


Textbook of Physics, edited by 
R. Kronig. 1954. Interscience Pub- 
lishers, New York 1, N.’Y. 855p. $10. 
91% in. Translation of a comprehen- 
sive work written by a group of 
Dutch scientists all actively engaged 
in physical research. About one hun- 
dred pages deal with electrical and 
optical instruments. 


Elements of Physics for Students 
of Science and Engineering, by 
George Shortley and Dudley Wil- 
liams. Ed. 2. 1955. Prentice-Hall, 70 
Fifth Ave., New York, N. Y. 880 + 
xviiip. $10. 914 in. Gives some atten- 
tion to “modern” physics. Introduces 
calculus sparingly on the assumption 
that the student will be studying it at 
the same time. 


Electronics in Business; a De- 
seriptive Reference Guide, edited 
by Herbert F. Klingman. 1955. Con- 
trollership Foundation, New York-16, 
N. Y. 176p. $2; members, $1.50. 9 in. 
Second edition of “Business Applica- 
tions of Electronic Machines.” A bib- 
liography with valuable annotations 
but no adequate approach by sub- 
ject. Articles in periodicals are ar- 
ranged merely under the title of the 
periodical. Has a separate list of 
books, and a list of “Pamphlets, Pro- 
ceedings, Reports.” Includes sections 
on seminars and training programs, 
visual presentation, data-processing 
systems, computer installations and 
commercial digital computing cen- 
ters. 





PRODUCTION 
ENGINEERS 


JOIN THE LEADER IN AERO CONTROLS!, 


Honeywell needs top-notch Process 

Engineers at all levels of responsibil- 

ity for directing the production of 

such airborne control systems as: 

INERTIAL GUIDANCE 

Jet ENGINE CONTROL 

FiRE CONTROL AND BOMBING 

FLIGHT CONTROL OF AIRCRAFT 
AND MISSILES 

FugEL MEASUREMENT AND 
MANAGEMENT 

ExHaAust GAS TEMPERATURE 
INDICATION 


Engineers selected will analyze de- 
signs, establish process methods and 
control, and guide designs toward 
economical 2 .u speedy production. 


@ To qualify, you should be famil- 
iar with process evaluation, cost 
estimating, tool ordering, metals 
fabrication, and manufacturing-as- 
sembly operations. Your back- 
ground should be in the area of 
precision electrical, mechanical, or 
hydraulic devices such as gyros, ac- 
celerometers, operational com- 
puters, pressure switches, amplifiers, 
calibrators, altitude compensators, 
and thermistor level switches. 


eoeeceeeeeeeeeecescsncecseeneaeeeeeeeeee 


eeoeeeesesece 


@ These are permanent, career- 
building positions that Honeywell 
can offer because of its succession 
of achievements in airborne control 
systems, broad diversification, and 
healthy balance between civilian and 
military contracts. 


CONSIDER THESE ADVANTAGES 


@ Minneapolis offers you metro- 
politan living with a suburban way 
of life... A city of beautiful lakes 
with every recreational facility a few 
minutes from your home. 


@ Outstanding educational oppor- 
tunities . . . Liberal tuition allow- 
ances paid by Honeywell. 


@ Plant and technical facilities 
among the best in the industry. 


@ Honeywell pays your family 
moving expenses. 


@ Salaries, insurance-pension pro- 
grams are all first rate. 


ee eeeseeeereeeees 


@ Honeywell, the nation’s leading 
supplier of control systems, manu- 
factures over 10,000 diversified prod- 
ucts. A sound growth company, 
Honeywell offers continuing expan- 
sion and permanent opportunities 
for you to advance. 


WRITE TO US 


If you are interested in a career at 
Honeywell, call collect or send your 
résumé to Bruce Wood, Dept. 
IA-7-108, Aeronautical Division, 
2600 Ridgway Road, Minneapolis 13. 


Honeywell 
henle in, Coitiol. 
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ak the eost-Aaving difference 


between Speedomax® automatic control and manual control 


{Operating and management 


people in industries making a ~ 


diversity of products... machin- 

ery, paper, petroleum, textiles, 

chemicals . . . find that Speedomax 
automatic control cuts costs month after month. 
Here’s why: 

Speedomax electronic stability and mechanical 
stamina, relied on by a majority of utilities for 
their station control rooms and dispatcher’s offices, 
assure fast—and lastingly precise—control action. 

In industrial plants operating interconnected 
with a neighboring utility, this control action is 
provided by Speedomax Tie-Line Controllers to 
obtain economical purchased power, as shown 
above. 


In plants operating isolated, this same control 
action enables Speedomax Frequency Controllers 
to hold frequency at an average of 60 cycles. In 
most cases, 24-hour time error is comparable to 
that obtained by the power companies themselves. 

Write for the facts to Leeds & Northrup Com- 
pany, 4955 Stenton Ave., Philadelphia 44, Pa. 
Better yet, talk with an experienced L&N Sales 
Engineer in any of 18 District Offices. 


LEEDS |_| NORTHRUP 


instruments automatic controls ¢ furnaces 


For more information circle 44 on inquiry card. 
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INSTRUMENTS and AUTOMATION 


Editoria 





AUTOMATION: The use of devices—mechanical, pneumatic, hydraulic, electrical and elec- 
tronic—for making automatic decisions and efforts—M. H. Aronson, Editor 


The SOCIAL REACTOR—About to Explode? 


RAMATICALLY illustrating the speed with which 
technological developments transform modern so- 
ciety, the first chain reaction—involving the fission 

of uranium atoms under the bombardment of neutrons— 

has opened a vast new field of technology in less than 

two decades. It was not known until 1938 that uranium 

nuclei would absorb neutrons and then fission, with 

energy release far greater than that associated with the 

incident neutrons; yet nuclear re- 

actors will be supplying com- 

mercial power to cities in several 

parts of the world by 1958, and re- 

search reactors will be in oper- 

ation in many modern states by 

that time. In these few years, a 

basic scientific discovery has 

evolved into a vast field of activi- 

ty with almost infinite applications 

in practical production, engineer- 

ing, research, education, etc. 

It has been known for a much longer time that tech- 
nological developments also follow a chain reaction, that 
each development opens the way to two or more succeed- 
ing developments, and that the speed of the reaction de- 
pends on the number of scientific workers and _ their 
channels of communication. Can it not be true that so- 
ciety also has a “critical” mass at which technological 
developments will accelerate at an explosive rate? Is it not 
entirely possible that a direct analogy can be drawn be- 
tween the “nuclear reactor” —with its fissible fuel, moder- 
ator, and critical mass—and the “social reactor”—with 
its scientific minds, channels of comunication, and num- 
bers of technical workers? And if so, is the social reactor 
about to explode? 

Let us consider the evidence. Every nation is emphasiz- 
ing technology and technological education. Not only 
is the world’s population accelerating, but the number of 
technically trained persons is increasing at even faster 


rate. The action of each practical idea or scientific dis- 
covery falling on each of these minds is known to be 
regenerative—productive of more than one path of 
further discovery. Indeed, modern channels of communi- 
cation between trained scientists have made it possible for 
one idea—the analog of one neutron—to activate a mil- 
lion receptive minds—the analogs of fissible fuel. As the 
social mass approaches “critical,” may we not be on the 
verge of a technological chain re- 
action that will make all other 
chain reactions appear to be but 
minor manifestations of a cosmic- 
sized phenomenon? 

Civilization and its societies 
may thus be about to enter a new 
era, one in which the rate of tech- 
nological progress exceeds all 
present ideas, one in which auto- 
matic production will—for the 
first time in the history of man— 

eliminate forever the war-breeding quests for economic 
supremacy. The small nations of the world are already 
emerging as modern states; the larger ones are already 
finding it necessary to increase production indexes above 
all anticipated levels. The social reactor is already build- 
ing up its power level to ratings above all previous 
designs; the social mass may indeed be approaching 
“critical.” 

If such is the case, we stand on the edge of a future of 
complete abundance—and infinite technological prob- 
lems. There can be no “labor” problems in a society of 
abundance, and class conflicts are indeed disappearing 
within nations of even today’s productivity, which prod- 
uctivity will appear absurdly low in but a few years of 
the present exponential chain reaction of the social re- 
actor. And as the tensions within nations relax, so will 
those between nations because the competition of ideas, 
in stark contrast with competition for land, has always 
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EDITORIAL—continuep 


been conducive to the mutual satisfaction of all the 


competitors. 
The fissible material of the social reactor—the element 


that absorbs one idea to prodace two or more—is the 
technically trained mind. Education thus becomes the real 
source for the raw fuel—and the teacher becomes the 
truly key element. The work of one teacher can lead to a 
thousand trained minds in but a few years—and each 
mind becomes more raw stuff for the social reactor. 
Hence the single most efficient way to prime the social 
reactor is to develop a large and competent group of 
educators. 

This point emphasizes the seriousness of our present 
situation, wherein our national teaching staff is not only 
inadequate but declining in adequacy in the face of in- 
creasing need. No “practical” person would invest his 
money at a negative rate of interest—yet most of our 
nationally-collected funds are being invested in just this 
way—in military hardware that will be obsolete in just 
a few years.This is not only a negative rate of interest, 
but a high one at that. In contrast, every dollar spent on 
teachers and schools represents positive return, more 
trained minds, more fuel for our own social reactor. 

Another factor associated with chain reactions should 
be kept in mind. When the critical mass is exceeded, the 
resultant effect often dwarfs all known experience. We, 
as a nation, are not adding to the mass of our reactor as 
fast as are other nations, and whereas the raw fuel for 
the social reactor takes years to develop, the output shows 





no such time lag. Thus the first nation to exceed the 
critical mass of the social reactor will have indeed dis- 
covered the key to the future—and others will be hard 
pressed to meet its achievements. Evidence exists that 
other nations are more aware of this fact of modern life 
than are we, and that their social reactors may soon be 
more advanced than ours. 

What can we do to bring our own social reactor to full 
power output? The answer is a national effort comparable 
to that which produced the nuclear reactor, but aimed 
at producing the world’s best educational system and 
teaching staff. Let us find the money for this effort within 
our military and strategic budget; let us de-emphasize 
the nuclear reactor in favor of the social reactor; let us 
cut down on tests and research on atom bombs and divert 
the effort to tests and research on basic science, engi- 
neering, and medicine; let us slash military expenditures 
deeply and devote the money to a nation-wide education 
program, to schools, laboratories, and teachers. 

This is a program that would bring our own social re- 
actor to a power level above that of the nuclear re- 
actor—a program which, in contrast with our present 
course, would tend to prevent the social reactor from 
being destroyed by the nuclear reactor. And whereas 
the fallout of the latter will destroy the bone marrow in 
your children’s children, the fallout of the former will 
assure them a full life of individual satisfaction and 
happiness, and will nourish all the arts and humanities. 

This is the glorious promise of technology and auto- 
mation. But we are not moving in this direction today. 


—Milton Aronson 





ARE WE THINKING TOO SMALL? 


HEN I was at the Naval Air Missile Test Center 

I argued for two years for some twenty kilo- 

bucks’ worth of computing equipment for the 
Simulation Laboratory. I had to justify this request to 
everyone from my boss to the Commander of the base— 
several times. 

This had little or nothing to do with the fact that I 
am no longer at NAMTC. Such small thinking—such 
short-sighted economy—is the rule rather than the. ex- 
ception. The simple fact is that too many of those who 
are responsible for the allocation of funds just don’t 
realize the value of computers! 

True, a computer is only a tool. But computers are 
powerful tools. 

They enable a good engineer to accomplish the seem- 
ingly impossible. 

They enable mediocre engineers to play their hunches 
and come up with superior results. 

And they even allow bad engineers to make their 
mistakes quickly, economically—and safely. 
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We all realize that we have a prodigious scientific and 
engineering race to win if we are to remain the world’s 
strongest nation. We also know that we are way behind 
other nations in the number of scientifically trained per- 
sonnel our schools are turning out. Therefore we must 
make those people we do have as effective as possible. 


There are only two ways to improve the quality and 
quantity of the work of a given scientific or engineering 
group: You can hire more and better people; or you can 
give the ones you have better tools. In practice, you 
have no choice. You can’t get more and better engineers 
today. Fortunately you do have powerful computers. 
Take advantage of that fact! So— 

If you are not furnishing your available sci- 
entists and engineers with all of the best tools 
which they can use, including computers, you are 
thinking too small! 


—John McLeod, Jr. 


i 
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Third Computer Clinic 


The First Computer Clinic (held in conjunction with 
the First International Automation Exposition, N. Y., 
1954) had six principals—Austin, Goodyear, Electronic 
Associates, Bendix, IBM, and Remington-Rand—and at- 
tracted a registration of 202 from all parts of the world. 
It also led to the highly popular First Computer Hand- 
hook. 

The Second Computer Clinic (Second Automation Ex- 
yosition Chicago, 1955) registered 392 men who were 
indoctrinated on the equipments of 9 principals—Austin, 
Goodyear, Electronic Associates, Bendix and IBM—plus 
Librascope, Berkeley-Beckman, Clevite-Brush, and Tele- 
register. The Second Computer Handbook, a real power- 
1ouse, will be available shortly and will be sent to all 
-egistrants. , 

The Third Computer Clinic is now being organized, 
ind will have the following principals: 


Analog Computer Clinic 
Austin Company (special-purpose) 
Berkeley Div., Beckman Instruments, Inc. 
Electronic Associates, Inc. 
Goodyear Aircraft Corp. 
Reeves Instrument Corp. 
Wang Laboratories 


Digital Computer Clinic 


Austin Company (special-purpose) 

Bendix Aviation, Computer Div. 
Computer Control Company 

EECO Production Company 

Librascope, Inc. 

Philco Corp. 

Potter Instrument Company 

Remington Rand Div., Sperry Rand Corp. 
Wang Laboratories 


Data Handlers and Office Automation Clinic 


Commercial Controls Corp. 

Potter Instrument Company 

Remington Rand Div., Sperry Rand Corp. 
The Teleregister Corp. 

Underwood Corp. 


It will be held in conjunction with the Third Interna- 
tional Automation Exposition, New York City, Nov. 26- 
30. Advance registration is required—a form will be 
found on page 1343. 





Dear D.R.*: 


Maybe you will find time for the important things in 
this issue between dips in the ocean or naps (or nips) in 
the hammock if we point them out for you. Hope so, 
anyway. 

Be sure to read the concluding portion of the article on 
Analog-Digital Converters this month because it winds 
up this subject in grand manner. In the past two months 
you learned about the 3 basic conversion techniques 
(spatial, sweep time, and voltage feedback), and re- 
viewed the available converters using coded discs, induc- 
tive techniques, and gears and cams for digital readout. 
This month the subject is concluded with a review of 
ell-electronic high-speed converters, the peak of the art 
today. Incidentally, you get “information theory” in 
jour digital automation chapter next month. 

The second article in your issue is another really im- 
portant one—because it shows how a simple everyday 
problem like scheduling a rolling-mill operation is a 
“natural” for a computer. Problems like these dispel the 
riystery from computers, and show how important a 
cuick solution to your everyday problems can be. 

Chet Beard covers solenoid and motor valve actuators 
for you this month. He uses the word “motor” in the 
sense recommended by The Fluid Controls Institute— 
tiat is, implying rotary motion. Electric and gas motors 


*Dear Reader 


are included. We think you will like his treatment of 
solenoid actuators also. 

Tom Land flew in from England to deliver his paper 
“Recent British Developments in Suction Pyrometry” at 
the Pittsburgh Section ISA Conference on Instrumenta- 
tion for the Iron and Steel Industry. You will find this 
important original work on pages 1314-1320. 

Alvin Kaufman’s previous article on accelerometer 
calibration in J&A aroused a lot of interest. So this 
month we bring you his “Accelerometer Calibration by 
Ballistic Pendulum.” When you are through with this you 
will really know when and how to use this basic tech- 
nique. 

“Remote Tank Gaging” by H. Dickinson is another 
interesting article that tells (1) how digital techniques 
have been put to work to measure tank level, (2) how to 
select between analog and digital type systems, and (3) 
how to troubleshoot field-wiring installation in both ana- 
log and digital systems. That’s a lot of good practical 
stuff for one article. 

Nathan Brewer of Fischer & Porter Company delivered 
a talk to the Recorder-Controller Section of SAMA, Her- 
shey, Pa., on May 8. We found some important and pro- 
vocative ideas therein, so we abstracted his talk for you— 
on pages 1328-1329. 

As you can see, this is a good issue this month. Hope 
it finds you well and happy. 

Cordially, 
Milt and The Editors 
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e Multi-Stable Work Horse: By employing a non-linear 
load, new circuit permits two transistors to do the 


work of ten. IBM Bulletin No. 200. 
e Self-Complementary: New Gas Tube Counter sub- 


tracts by adding. IBM Bulletin No. 201. 






e The Soft Touch: Ultrasonic cutting at IBM permits 
devices to be cut from hard, brittle materials within 


0.0002’. 
For bulletins, write to Dept. LA-7,IBM, 590 Madison Ave., 


Multi-Stable Work Horse 


As the size and complexity of IBM prod- 
ucts increase, we are faced with growing 
numbers of-components—which means 
increased cost. As part of our continuous 
search for improvement and ways to 
reduce the number of components, Rob- 
ert Henle, one of our Transistor Circuit 
Research people, undertook to get more 
work out of a given number of tran- 
sistors. The result is a two-transistor, 
multi-stable circuit employing feedback 
controlled by a non-linear load. Junction 
transistors are naturally suited to this 
new kind of circuit. 


























10 Stable State Circuit 











A full report on this new idea from 
IBM contains eight full-page circuit dia- 
grams in addition to mathematical anal- 
yses of the operation of the circuit. 
Write for your copy of IBM Bulletin 
No. 200. 


N..Y..22,N. ¥. 
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Self-Complementary 


Accounting machines these days must 
be able to do everything—even make 
decisions. In order to get a machine to 
do more in a day’s time with little or no 
increase in operating cost, IBM Com- 
ponent Research people studied the idea 
of using a multi-cathode gas tube. It’s 
good news that they came up with an 
attractive approach, which Robert Koeh- 
ler, of our Device Development Group, 
then reduced to practice; it operates 
faster than its electro-mechanical prede- 
cessor and, furthermore, with simple cir- 
cuitry, can subtract by adding. It can 
read out in true number form both posi- 
tive and negative balances. This is pos- 
sible because a number stored in the tube 
may be transposed to its 9’s complement 
(i.e., value subtracted from nine) by a 
single electrical pulse. 


If you’d like more information on the 
basic principle, physical arrangement of 
parts, and typical problems solved, write 
for IBM Bulletin No. 201. If you are 
fascinated by the theory of numbers, we 
recommend this Bulletin. 


Laboratories at Endicott, Poughkeepsie and Kingston, N. Y., and San Jose, Calif. 
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DATA PROCESSING + ELECTRIC TYPEWRITERS + TIME EQUIPMENT + MILITARY PRODUCTS 









The Soft Touch 


In some of our studies of new compo- 
nents, at the IBM Research Laboratories 
at Poughkeepsie, it is necessary to make 
many different, small and _ intricately 
shaped parts from brittle materials. Fol- 
lowing the conventional approach, each 
of these parts would require laborious 
and costly machining and fabrication. 
We turned to ultrasonic cutting; with 
this tool we can make any shape or size 
component in approximately a minute— 
with an accuracy five times greater than 
previously possible! The ultrasonic cut- 
ter has helped us progress faster in our 
development of new devices. RESEARCH 
at IBM means IDEAS at work. 
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Schematic of Impact Grinder 








To learn more about career opportuni- 
ties available at IBM, write, describins 
your background, to: W. M. Hoyt, IBM 
Room 3607, 590 Madison Avenue, Nev 
York 22, N. Y. 
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Digital Automation—No. 9 (second half) 


High-Speed 


Digital Conversion 


Where high-speed analog-to-digital conversion is required, 
electronic techniques are used. Here is a survey of available 
equipment for high-speed data logging and digital conversion. 


ALL-ELECTRONIC DATA LOGGERS 
Consolidated Electrodynamics (sweep time) 
Kybernetes (sweep time) 

Metrotype (voltage comparison) 
Non-Linear Systems (voltage comparison) 


ALL-ELECTRONIC HIGH-SPEED CONVERTERS 
Epsco (voltage comparison) 
Radiation, Inc. (voltage comparison) 
J. B. Rea (voltage comparison) 
Rocketdyne (voltage comparison; also sweep time) 


MARTIN L. KLEIN 
FRANK K. WILLIAMS 
HARRY C. MORGAN 


Rocketdyne Div., 


North American Aviation, Inc. 


Consolidated Electrodynamics Corporation 


CEC, like many other companies, offers analog-digital 
converters of several types. Their “SADIC” converters for 
data logging, which use the principle of a self-balancing 
Thomson-Varley potentiometer having discrete digital 
balance positions, are slow-speed converters with a speed 
of conversion of about 1 per second. However, CEC 
“MilliSADIC” systems (Fig. 9-21) are high-speed all- 
electronic converters using the time-base or sweep-time 
principle. 

The MilliSADIC principle is the standard sweep-time 
principle in which the time for a linearly decreasing saw- 
tooth sweep voltage to change from a reference level to 
the level of the analog signal is counted as a number of 
pulses. Up to 1500 samples per second may be taken with 
this converter; the resolution is 1 part in 1000, and the 
output consists of three binary-coded decimal digits. The 
converter is but one drawer of the MilliSADIC system 
snown in Fig. 9-21,B. Such MilliSADIC systems are as- 
sembled from building-block components to fill the needs 
of the individual application. 

The MilliSADIC converter has a full-scale input of 
99.9 volts and full-scale output is 999 pulses. Thus each 
pulse corresponds to a 100-mv increment of input signal. 
Full-scale accuracy of conversion is better than 0.1%. 

Although the converter requires 99.9 volts input, the 
basic input to the system is 0.5 volt, and the system speci- 
fications given here include those of the input amplifier. 
For example, the system will accept up to 100 channels 
o! 0.5-v signals and digitize all channels at a rate of 10 
simples per second at a system accuracy of +0.5% of 
fill scale. 

The time required to sample the input voltage and pro- 


duce a proportional train of pulses is 500 usec; maximum 
sample repetition rate is 1500 per second on a single- 
channel basis. ; 

The amplifier (required for low-level signals) has 
stability, linearity and accuracy better than +0.1% up 
to 500 cps. 

The output of the MilliSADIC converter is a pulse 
train, which is translated into digital code for recording 
by a 3-decade Counter. The resultant digital data are 
transferred to temporary storage and then to magnetic 
tape by means of a blocking oscillator output. 

The Time Register provides means for accumulating 
and storing digital time information (6 digits), which 





Fig. 9-21. "MilliSADIC" converters of Consolidated 
Electrodynamics Corporation use the sweep-time princi- 

le for conversion of the analog signal into digital form. 
Op to 1500 samples per second can be taken. 
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Fig. 9-21,B. Elements in a complete MilliSADIC data- 
reduction system. 

















also can be transferred to tape by blocking oscillator 
output. 

High-speed commutation is available for rapid switch- 
ing between input channels. 

The decimal digit output from the Counter-Register 
and Time Register is a time series of pulses on magnetic 
tape. The information can be changed into time parallel 
by use of a magnetic drum, from which the data can be 
taken in parallel form for use with an IBM 523 punch, 
etc. 

The digital tape can be played back at a slower rate 
(approximately 10 samples per second) into a paper tape 
punch or into the Storage-Register to generate IBM cards 
by the IBM 523. Cards can be generated at a rate of 75 
cards per minute with 20 data samples, 6 digits of timing 
information, and 14 fixed constants. 


The Kybernetes Corporation 


The various inputs (analog voltages) to be logged are 
brought into the Kybernetes Logger (Fig. 9-22) via a 
cross-bar switch, which has an expected maintenance- 
free life of 200,000,000 operations (6.3 years operating 
at one point per second). 

The programmer unit determines the sequence of log- 
ging, allowing the cross-bar switch to be programmed at 
random. The variable selected is first amplified by a 
chopper-type amplifier, essentially an electronic self-bal- 
ancing potentiometer. The incorporation of nonlinear 
elements has made it possible to achieve a speed of re- 
sponse not ordinarily found in contact-modulated-type 
amplifiers. Noise level is less than 5 microvolts peak to 
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peak, and long-term drift is less than 30 microvolts. 

The amplified signal constitutes a voltage which is 
proportional to the measured variable; this is compared 
with a linear or characterized sweep voltage produced ly 
a sweep generator. The gate circuit shown opens at the 
instant the sweep starts and closes at the instant that the 
sweep voltage equals the amplitude of the unknown vati- 
able. The precision of the gating accuracy is one part in 
fifty thousand and the sweep functions are accurate ‘o 
0.05%. 

The interval during which the gate is open, which ‘s 
proportional to the magnitude of the unknown variab! :, 
is measured by storing the counts from the crystal-co.- 
trolled oscillator in the digital counter storage unit. Ths 
count is first divided electronically for scaling purpos:s 
and then is stored in units, tens, hundreds, etc. No e.- 
coding or decoding components are required becau e 
conversion is made directly to digital notation which s 
then directly read by an Underwood electric typewrite:. 

One feature is linearization of the inputs via swe:p 
characterization. Square-root extraction is performed 
by use of a parabolic sweep. Thermocouple curves ae 
also compensated throughout their ranges. Alarm fun:- 
tions are incorporated, and a separate Clary printer cin 
be used to record off-normal variables. 

For ehecking, a standard voltage equivalent to a print: d 
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THE KYBERNETES _OFP 
NEW YORK, N.Y. 


Fig. 9-22. The Kybernetes automatic data logger u:es 
the sweep-time principle for conversion of process veri- 
ables into digital form. Alarms and visual readout are a'so 
provided. Cabinet doors have been removed so chassis 
can be seen. 
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number of 800 is switched into the logger at the begin- 
ning of each logging cycle. A printed result of 801 would 
represent an error of 1 part in 800. Over-all accuracy is 
+ 0.2% of full scale. 

The Digital Variable Indicator (DVI) provides for a 
3-digit or 4-digit display on the remote console or panel 
of any input as selected by push-buttons. 


Metrotype Corporation 


The basic Metrotype analog-digital conversion system 
Fig. 9-23) is designed to accept low-level input signals, 
is from thermocouples. It translates them into digital 
-eadings which can be either printed out, observed on a 
isual indicating meter, or displayed on digit lamps. The 
nput may be from a single sensor device, or may be auto- 
natically or manually selected from a group of sensing 
‘lements in any given order by a programmer. 

An oscillator is turned on at the instant that the input 
s applied to the converter. For the purposes of this 
lescription, 0-1000 pulses are shown as maximum count. 
(hese pulses go to the unit counter, and for each ten 
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Fig. 9-23. Metrotype data logger uses voltage-com- 
rarison technique for conversion of process variables into 
cigital form. 


pulses received a pulse is sent to the tens counter; for 
each 100 pulses received a pulse is sent to the hundreds 
counter, 

Each counter operates in the following manner: Each 
pulse received causes a combination of tubes to conduct, 
the conducting tubes operate electronic switches. A regu- 
lated voltage passes thru the operated switch into a pre- 
cision resistor, thus producing a current. The precision 
resistors are in a ratio of 1:2:2:4 so that each pulse gives 
an exact increment of additional current. 

This current is passed thru the feedback resistors, as 
shown. Each pulse on the units counter develops 2.5 mv 
in the feedback circuit, while each pulse on the tens and 
hundreds counter develops 25 mv and 250 mv respective- 
ly. The feedback voltages thus builds up in a step fashion, 
each step being equal to 2.5 mv. 

The inputs to the system are normally amplified to a 
2.5 v signal which appears as one input to a null balance 
detector. When the counter pulses generate a voltage 
equal to the input signal, a stop pulse is sent to the elec- 
tronic oscillator control, shutting off the oscillator. The 
count in the tubes is then coded, or directly operates a 
printer or other digital device. 

Features include automatic standardization, any num- 
ber of digits as required, output to Teletype or electric 
typewriter or any desired printer, no slidewires, standard 
speed of 0.1 second per point, linearization or character- 
ization of input curves as desired, accuracy of + 144% 
of full scale. 


Non-Linear Systems, Inc. 


The NLS 311 analog-to-digital converter of Non-Linear 
Systems (Fig. 9-24) measures d-c voltages with resolution 
of 1214 microvolts by means of voltage-comparison tech- 
nique. The unknown voltage is compared with standard 
reference voltage through the use of 12 digital scanning 
units; a thirteenth indicates polarity. 
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Fig. 9-24. The NLS 311 digital converter of Non-Linear 
Systems uses voltage-comparison technique for digital 
conversion. 
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The counting rate is 20 conversions per second. At the 
end of each measurement the converter provides a relay 
closure that triggers a recorder. An accessory coded read- 
out also can be connected to the converter to display each 
measurement visually up to a full scale of 999 digits. 

The converter is essentially a self-balancing potentiom- 
eter. A voltage equal and opposite to the input is set up, 
using a relay-operated voltage divider and reference 
battery. Each relay is operated in succession once per 
scan, the error amplifier deciding whether each relay 
should remain open or closed to attain a balance. The 
state of each relay determines whether a pulse should 
appear on the voltage data pulse line output at any time. 
Thus, the output is “pulse or no pulse” (depending on 
relay position and, therefore, on voltage divider setting) 
as a function of time. 

Its major application is to convert signals from low 
level d-c transducers (thermocouples, strain gages, etc.) 
into binary-coded decimal form for high-speed magnetic- 
tape recording. Originally designed for aircraft flight 
test work, it operates from 400-cps 28-volt d-c power, and 
withstands aircraft temperature, humidity, shock and 
vibration environments. Its accuracy is +0.1% of full 
scale range (12.5 microvolts to 12.5 millivolts). 


HIGH-SPEED ALL-ELECTRONIC 
ANALOG-DIGITAL CONVERTERS 


At present there are several high-speed (10,000 to 
100,000 conversions per second) all-electronic analog- 
digital converters in operation. Units for up to 200,000 
conversions per second are said to be in the design stage. 
Most are based on the feedback-encoding technique of 
supplying standard voltages according to a fixed logical 
program, as described previously. One unit is a time-base 
(sweep) converter which makes use of 20-Mc flip-flops. 

The following converters show the state of the high- 
speed conversion art: 

Epsco (voltage comparison) 

Radiation, Inc. (voltage comparison) 

J. B. Rea (voltage comparison ) 

Rocketdyne (voltage comparison and sweep time) 


Epsco, Inc. 
Voltage comparison, or voltage feedback, technique is 


used in the “DATRAC”, Converters offered by Epsco, 
Incorporated. The converter (Fig. 9-25) comprises a 
digital storage register, a digital-to-voltage conversion 
network, a pulse comparator, and a programming unit. 
Digitalization is carried out by a series of successive ap- 
proximations and decisions. The input voltage is com- 
pared first with the maximum binary voltage from the 
conversion network. If the voltage of the former is less 
than that of the latter, the most significant digit in the 
digital register is cleared and the next most significant 
digit is switched in. 

The process of switching in the next most significant 
digit, while a decision is made as to whether the previous 
digits should be kept, is continued until appropriate deci- 
sions have been made for the entire code. Therefore, with 
binary decisions being made every 2 microseconds, a 
complete digitalization into a 10-place binary code is made 
in 20 microseconds, while digitalization into an equiva- 
lent binary coded decimal notation is made in 24 micro- 
seconds. 
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Two types of high-speed converters are offered—the 
Model A and the Model B. The Model B makes up to 
50,000 independent conversions per second; as it takes 
two microseconds to make a binary decision, it takes 20 
microseconds to convert into a 10-place binary, or 22 
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Fig. 9-25. DA- 
TRAC converters 
offered by Epsco, 
Incorporated, use 
voltage- compari- 
son technique for 
high-speed con- 
version. 
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microseconds to convert into an 11-place binary code. a 
The Model A, on the other hand, is a servo-type converter, § bere 
consisting of a forward-backward counter which is ser- Rea C 
voed to the proper code. This unit’s yield is 200,000 new ae th, 
codes per second, but these codes are not independent. the e 
power 

steps 

Radiation, Inc. mas 

The ADAR analog-to-digital converter offered by Radi- § with a 
ation, Inc. (Fig. 9-26) uses the voltage-feedback princijle §} cuits. ' 
to provide 24,000 8-bit binary code groups per secord. § forms: 
It features small size and light weight (8 pounds), sol d- J generat 
state components and all-electronic circuitry. less th 
This coder employs the “half-split” sampling techniqie J o zer 
wherein the analog input samples are sequentially con- J vc ltage 
pared against precision binary-weighted currents that «re The 
generated within the coder. The first comparison is male § ore of 
at 50% of full scale. If the input signal is less than 50% § the mo 
of full scale, the coder generates a “no” bit of code aid §f by the: 
the second comparison is made at the 25% level. Tlis J v ltage. 
process continues for eight comparison levels and tue The 
eight decisions comprise the 8-bit binary code, as shown. § scurces. 
Accuracy is one part in 256 (0.4% of full scale). of thes 
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Fig. 9-26. Small converter offered by Radiation, Inc., 
uses voltage-feedback technique to provide 24,000 8-bit 
binary code groups per second. 


J. B. Rea Co., Inc. 


One of the feedback-encoding converters presently 
available and in operation is the Rea-Converter of J. B. 
Rea Co. (Fig. 9-27). The four main parts of the converter 
are the modulator, the amplifier, the phase detector, and 
the summing circuits. The 4.5-Mc oscillator supplies 
power to the modulator, and the clock-pulse generator 
steps the converter through the conversion from an 
analog input to a digital output. 

The bridge modulator compares the input voltage Ex 
wth an analog voltage received from the summing cir- 
cvits. The output of the modulator has three possible 
forms: one when Ex is greater than the analog voltage 
generated by the summing circuits; one when Ex is 
leis than the generated analog voltage and the third, 
0: zero output form, when Ex equals the generated 
vc ltage. 

The phase detector, like the modulator, can have only 
ore of three states, corresponding to the three states of 
the modulator. The output of the phase detector is used 
by the summing circuits to program the analog feedback 
vc ltage. 

The summing circuits consist of 13 accurate voltage 
sources, which are added to form a sum. The value 
of these sources can be chosen to fit any arbitrary 
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Fig. 9-27. Rea-Converter of the J. B. Rea Company 
uses voltage-feedback technique for high-speed con- 
version at rates up to 100,000/sec. 


scale or range required. The clock pulses turn each of 
these voltages on in order, and each new voltage _is 
added to the sum of the other voltages present. The volt- 
age turned on by the first clock pulse is the largest 
and it is compared by the modulator with the input 
voltage Ex. If Ex is larger than this generated voltage, 
the phase detector “locks” this voltage on. If Ex is 
smaller, the phase detector turns this voltage off. The 
second clock pulse turns on the next largest voltage and 
adds it to the sum. After the voltages have all been 
turned on and either removed or locked on by the phase 
detector, the voltage sum generated is equal to the input 
voltage Ex. 

The smallest voltage source is arbitrarily assigned the 
number one. All other voltage sources are a whole number 
times larger than the smallest and are assigned that 
number. These ratios determine the code of the converter 
and can be made to match any computer code—binary, 
binary coded decimal, octal, etc. The 13 voltage sources 
and corresponding assigned numbers will give a +1000 
scale when using a binary coded decimal, and a higher 
scale, +-2'*, when using the binary scale. Sampling rate 
of standard Rea-Converter is 8000 samples/sec; higher 
clock frequencies give sampling rates up to 100,000/sec 
with resolution of 1 part in 1000. 
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Rocketdyne, North American Aviation 


Two other units that are already in operation were 
developed at the Rocketdyne division of North American 
Aviation, Inc. One of these is a programmed encoder and 
is part of a complete automatic data-reduction system 
known as IDIOT* II (to be described in later chapters). 
This converter, similar to the Rea converter, generates 
ten highly accurate standard trial voltages, at a rate of 
120 kc. The voltages are binary weighted voltages (512 
units, 256 units, 128 units, etc.) from a chopper-regu- 
lated source which is compared with a standard cell. The 
logic produces a ten-bit encoding while minimizing the 
error between the generated binary voltages and the 
input voltage. 


*IDIOT refers to Instrument Laboratory DIgital On Line Transcriber. 
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Fig. 9-28. IDIOT converter of the Rocketdyne, uses 
voltage comparison technique for high-speed analog-to- 
digital conversion. 
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The timing diagram of the trial voltages and their 
magnitudes are shown in Fig. 9-28. The solid lines indi- 
cate the state retained if the sum of the trial voltages ex- 
ceeds the analog voltage: the dotted line shows the re- 
setting of the trial voltage if the trial voltage sum is less 
than the analog signal. 

The convertor shown at the top in Fig. 9-28 is a 9-bit 
encoding IDIOT II converter. The logic is similar to the 
10-bit IDIOT II, except that the driving pulses are de- 
rived from a Burroughs beam-switching tube which pro- 
vides a decade ring output. A ring of twelve is required 
for the ten-bit IDIOT II. 

The logic of the 9-bit converter is executed by the 
circuit shown at the center in Fig. 9-28. Ten drivinz 
pulses are provided by the Burroughs tube. The states t> 
be held are retained or rejected by the flip-flops, whic. 
enable or disable the standard voltage gates. These gates 
switch on the standard binary voltages; the outputs aie 
summed for the error amplifier (which also receives the 
analog voltage). The largest voltage is tried first, an | 
then successively smaller voltages are added to this. 

To follow through a single encoding, a pulse is pr: - 
duced through pulse shaper one (PS1). This sets the 
left-most flip-flop and resets the others. Having set the 
flip-flop, the largest binary trial voltage (256 R, which s 
the sum of 1R+1R-+2R—-+128R) is enabled an| 
reaches the difference amplifier. If this voltage is le:s 
than the analog voltage, the error amplifier does nit 
energize the trigger circuit. The second pulse from the 
Burroughs tube switches in the second trial voltage 
(128R) via PS2. If the first trial voltage (256R) had 
exceeded the analog voltage, and by an amount equal cr 
greater than 1R, a pulse would have been supplied by the 
trigger to the first coincident gate. The second pulse via 
PS2 then would have reset the first flip-flop, subtracting 
the first trial voltage (256R). This sequence of operi- 
tions proceeds through the entire conversion cycle. Tle 
binary coding of the analog input voltage, therefore, is 
the state of the nine flip-flops which exists after the tenth 
pulse from the Burroughs tube energizes PS10. This coce 
is then read out into any convenient buffer storage when 
the flip-flops are reset via “and” gates (not shown). 

Such a converter depends on the accuracy of the dc 
error amplifier in the circuitry. In this converter a d-c 
chopper-stabilized type is used, which has a rise time 
such that the final value of the trial value is reached 
(within .2%) in seven microseconds. As chopper -stabil- 
ized amplifiers tend to react slowly to over-loads, limiting 
protection in the form of diode clippers is inserted ‘o 
keep the initial errors (trial periods 1, 2, 3 & 4) from 
overdriving the amplifier. When the error is small, the 
limiters are effectively not in the circuit and do not effect 
its stability. 

The 10-bit IDIOT II convertor uses an improved error 
amplifier and a faster standard-trial-voltage generatiig 
network. This convertor is capable of 100,000 compleie 
10-bit analog-to-digital conversions each second because 
standard trial voltages can be generated in less than 1 
microsecond to an accuracy of 0.1%. Digital-to-analog 
conversions can be made at a rate above 1 million per 
second to an accuracy of 0.1%. Even higher accuraci:s 
are possible. 

The significant difference between the IDIOT Co2- 
verter and the Rea-Converter is in the error amplifi:r 
—the former uses d-c amplification; the latter uses a 
carrier-type amplifier. Both have relative advantages ard 
disadvantages. 


Next month: "Information Theory" 
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Fig. |. Typical steps in pro- 
ducing 34"'-diameter bar from 
ingots. Ingot is first rolled in- 
to 7!/," x 71/," blooms; then 
into 5" x 5" heavy billets; then 
into 3"' x 3" billets; then into 
desired bar. 
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Computer Control of a 


Rolling Mill Schedule 


Problem: Either a short pour or an excessive crop of a 
24,000-lb ingot can drop the yield of 90-lb bars 


by 5%. How best to schedule the rolling operation 


to minimize waste? 


A. H. KUHNEL 


The Austin Company 


Solution: Use a special-purpose computer to tell you how 
best to cut each billet after the ingot is cropped. 


PECIAL-purpose computers can be extended beyond 
the individual machine. They can be applied to an 
entire sequence of machines that together make up a 
manufacturing process. We shall illustrate this by con- 
sidering the well-known process of manufacturing struc- 
tural steel shapes in a rolling mill. We can do this most 
readily by considering a simple product such as a 34”- 
diameter steel reinforcing bar. 
The steps involved in the process of manufacturing 


steel reinforcing bars (Fig. 1) are: 


. Produce the steel. This is usually done in an open- 
hearth furnace. 

. Pour the ingots. The size of the ingot usually de- 
pends on the capacities of the various mills in the 
rolling mill. 

. Strip the molds from the ingots. 

. Prepare ingots for rolling in soaking pits. 

. Roll ingots into blooms. 

. Crop blooms and cut to length for large billet mill. 


Presented at Second Computer Clinic, 2nd International Automation 
Exposition, Chicago, III. 


. Roll into billets of large cross section. 
. Crop and cut to length for small billet mill. 
- Roll into billets of small cross section. 
. Crop and cut to length for bar mill. 
. Roll into finished bars. 
. Cut to length for cooling tables. 
3. Cut to final shipping length. 


In scheduling an order of reinforcing bars for produc- 
tion, the production department must specify the heat 
from which the steel is to be taken, specify the size and 
number of ingots, the size and number of blooms, the 
size and number of large billets, the size and number of 
small billets, the cutting lengths of finished bars for the 
cooling tables, and the final cutting length for shipment. 
Naturally, in setting up such a schedule, the production 
department is guided by the capacities and limitations of 
the equipment in the mill and also by general practice 
in the mill. 

A fairly typical case in the manufacture of 34”-diam- 
eter bars might be to reduce the ingots to 714” square 
btooms in the blooming mill, reduce to 5” square billets 
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in a heavy billet mill, then to 3” square billets in a light 
billet mill, and finally to the 34” bar in a bar mill, as 
shown in Fig. 1. 

Let us assume that the ingots are limited in gross 
weight to 24,000 lbs., and that blooms and billets are 
limited to 40’ with the preferred length ranging from 
36’ to 40’. 


Scheduling An Order 


Let us now schedule an order for 130,000 feet of 34” 
round bar, where the shipping length will be 60’ with a 
tolerance of 10% of random shorts ranging between 30’ 
and 60’. The bars will be rolled from 3” x 3” billets in 
the bar mill. These billets shall be 36’ to 40’ long. The 
billets will be rolled from 5” x 5” billets in a billet mill. 
Again the 5” x 5” billets shall be 36’ to 40’ long. The 
5” x 5” billets will be rolled from 7144” x 7144” blooms 
which shall also preferably be 36’ to 40’ St The blooms 
shall be rolled from ingots not exceeding 24,000 lbs gross 
weight. 


Weights and Sizes 


The first factors to establish are the exact sizes and 


weights of ingots and billets so as to minimize waste. The’ 


weight per lineal foot of the materials are: 


” bar — 1.502 lbs/ft 
she 3" — a of 34” bar 
5” x 5” — 85.0 lbs/ft = 2.778’ of 3" xe 
71,” xT 5" — 191.25 lbs/ft = 2.25’ of 5” x 5” 


For a first approximation, we find the required net 
weight of steel: 130,000’ or 34” round bar at 1.502 lbs/ 
foot = 195,260 Ibs. naan yield is 84%. Then gross 
weight = 195,260/0.84 = 232,452 lbs. 

Therefore, number of ingots = 232,452/24,000 — 10. 

As the final shipping length of the 34” round is 60’, 
the total yield from a 3” x 3” billet should be a multiple 
of 60’. 
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Fig. 2. Optimum lengths 

of blooms and billets so that 

7 final 3/4,"-diameter-bar was- 
se, age is minimized. Note that 
44°" less than |/p foot (I unit) of 
71/."" x 7!/2" bloom makes 
one 60° bar. 

















720’ of 34” bar = 720/20.37 = 35.346’ of 3” x 3” 
Therefore, “a 3” x 3” billets to 36’ length. 
The 5” x 5” billet should produce a multiple of 36’ of 
3” x 3” billets. 108’ of 3” x 3” = 106/2.778 = 3.86 
of 5” x 3”. Therefore, cut 5” x 5” billets to 39’ length. 

The 744” x 714” bloom should produce a multiple of 
39 coha xe5" billets 78’ or 5” sy BY = 18/225 = 3hOn 
of 714%” x 71%”. Therefore, cut 7144” x x 7%” to 35’ length. 

Weight of 35’ of 7” x age = 8: BS = 
6,693.75 lbs. 

Weight of 3 pes. 7144” x 7144” x 35’ = 3 x 6,693.75 = 
20,081.25 Ibs. 

Therefore, net weight of ingot = 20,081.25 lbs. 

Assume 13% crop. 

Gross Weight of Ingot = 20,081.25/0.87 = 23,082 
lbs. Therefore, order Ingots of Gross Weight = 23,100 
Ibs. 

Yield of 1 Ingot: 3 Blooms 7144” x 714” x 35’; 6 Billets 
3” x 5” x 39’; 18 Billets 3” x 3” x 36’; 36 Bars * 3," round 
x 360’; 216 Bars 34” round x 60’ = 12,960’ 

10 Ingots yield 12. 960 x 10 = 129,600’ of 34” round 
bar; this j is 400’ short of order. 

Assume random shorts will make up balance. 

Gross Weight of Steel = 10 x 23,100 = 231,000 lbs 

Net Weight of Product = 130,000 x 1.502 = 195,261 
lbs. 

Then percent yield = 84.52% 

This order then goes to the mill, and if all goes accord. 
ing to plan the order will be filled and the yield will be 
as calculated. 


Sources of Trouble 


However, even in the best managed mill, things do no’ 
go according to plan. The first difficulty arises in pouring 
the ingots. The order calls for a gross weight of 23,10 
lbs per ingot. This is slightly less than the capacity of the 
mold. Suppose the mold is filled to capacity. This is 90( 
lbs more than called for. If the cutting directions ar 
followed in the subsequent operations the order will be 
readily filled and there will be no trouble. 
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Suppose, however, that the pour is a few hundred 
pounds short—500 pounds, to be exact. 

An ingot 500 lbs short will weight 22,600 lbs. Assum- 
ing an 87% crop, the net weight will be 22,600 x 0.87 = 
19,662 Ibs. Length of 74% x 714% = 19,662/191.25 = 
102.8’ 

After 2 cuts of 35’ have been taken, the last piece will 
be only 32.8’ long. This bloom will produce 32.8 x 2.25 
= 73.8’ of 5” x 5”. After one 39’ cut has been taken 
from the 5” x 5” section, a piece 34.8’ will be left. This 
will produce 34.8 x 2.778 = 95.67’ of 3” x 3”. After two 
36’ cuts have been taken from the 3” x 3”, a piece 23.67’ 
will be left. 

This will be a short that will ordinarily be discarded 
because it would require special handling to get it into 
the bar mill, and the time lost in attempt at salvage will 
make its use uneconomical. The result will be a shortage 
of 720’ of 34” bar from this ingot. Were this to occur in 
10 ingots, the shortage would be 7,200’ on the order. The 
vield would drop from 84.52% to 79.85%. 

The situation described is a common occurrence. Short- 
ages result, however, not only from a short pour, but also 
from excessive crop. The crop of 87% assumed above is 
typical. The actual crop may be more or less, depending 
m the condition of the steel as observed by the roller 
after several passes through the blooming mill. It simply 
is not possible to control the gross weights and cropped 
weights of ingots rigidly enough to enable calculations 
such as the above to be made with any accuracy. As a 
result, it is not uncommon to provide for processing 
losses of 5% to 10% more than ideal in order to insure 
against shortages in final product. 


Computer Overcomes Trouble 


This difficulty results from the fact that it is impossible 
to determine in advance precisely how many pounds of 


good steel will be obtained from an ingot. It is no prob- 
lem to determine the size or weight of the bloom after it 
has been cropped. However, at this stage of the manu- 
facturing process time does not permit a re-scheduling 
of subsequent operations. A computer given as its input 
‘ither the size or the weight of the bloom, and also the 
dimensions of the alternate product, can perform the 
necessary calculations in a matter of seconds. Therefore, 
such a computer can be employed to schedule all of the 
operations in the process in such a manner that there will 
be virtually no waste of good material. 

The first requirement is to determine the net product 
in the ingot. This can be determined either by weight or 
by volume. If volume is used, allowance must be made 
for expansion of the metal due to temperature. 

Essentially there are two aspects to the problem: (1) 
We wish to obtain as many as possible pieces of 34” 
ound by 60’ from the cropped 714” x 71” bloom. (2) 
'o reduce handling through the several stages of the 


operation it is desirable to make each bloom, billet, or 
bar as long as possible, but not so long as to exceed the 
handling capacities of the various transfer tables, feed 
tables, and run-out tables. This limit we have assumed at 
40’ except for the final bar, which is limited to 400’ by 
the length of the cooling bed. 

By approximation, the problem can rapidly be reduced. 

First we calculate the lengths of the various sections 
that produce | unit from their known unit weights, as 
follows: 

60’ of 34” round at 1.502 lbs/ft = 90.12 lbs = 1 
Unit. 

90.12/30.4* = 2.96’ of 3” x 3” = 1 Unit. 

90.12/85.0* = 1.0656’ of 5” x 5” = 1 Unit. 

90.12/191.7* = 0.4736’ of 7144” x 7144” = 1 Unit. 

Based on these units, it can be shown (Fig. 2) that an 
economic solution is to make 18 billets of 3” x 3” x 35.52’ 
and to make | extra of 39.871’; 5 billets of 5” x 5” x 
35.3613’ and 1 extra of 36.9273’; 2 blooms of 34.101’ 
and | extra at 34.797’. 

These will yield 217 pieces of 60’ bar and have scrap 
of only 0.47 piece, or 28.9’ of 34” round bar. 

A computer to handle the relatively simple arithmetic 
can readily be provided. Although the problem is essen- 
tially digital in nature, the required accuracy does not 
preclude the use of an analog computer. 

Inputs required are the unit weights of the various 
intermediate and end product, the piece length of the end 
product, and the limiting lengths of the intermediate sec- 
tions. The length of each cropped bloom can be manually 
measured and inserted into the computer, or it can be 
automatically measured and inserted. 

The computer will then produce the cutting lengths at 
each step. These can be indicated on indicator boards or, 
if the mills are equipped for automatic cutting length 
control, stored and sequenced out as required. 

Note that in the example given there was 28.9’ of scrap 
as compared with 13,220’ of product of the desired unit 
length. This is practically the worst result that it is pos- 
sible to get. Had the residue been 30’ instead of 28.9" it 
would have been a saleable short and there would have 
been no scrap. 

The question may well arise as to what will happen 
when there are errors in cutting to the calculated length. 
Of course, the computer has no control over this other 
than the provision made to add a tolerance of 0.5% to 
allow for cutting errors. This was done by adding this 
amount to the actual unit weights of the several sections. 
Had cutting been exact through-out, this amount would 
be found added to the length of the last piece of each 
section. If a slight excess is added at each cut to guard 
against short cuts, then this 0.5% will be fairly uni- 
formly distributed. Actually, in the example given, this 
allowance amounted to 66 feet of 34” round in 13,220 
feet. 


*adjusted to allow for cutting tolerances. 


And cursed be he who slaves away, 

Who drives himself both night and day, 
And never stops at all to play: 

For maybe he has never learned to live! 


Since all of us have mortal goals, 

And all of us immortal souls, 

Can we strengthen self-controls 

By living lives a bit more positive? —Clifford B. Haughton, Jr. 
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Control Valves—No. 7 


Solenoid and Motor 





Both solenoids and motors are basic valve actuators. Solenoids are used ex- 


tensively either as actuators or as pilot valves for other valve actuators; mo- 


tors can be either electric or gas powered. New techniques for elec- 


tric-motor actuators include over-volting and stem-force sensing. 


ODERN automation systems use pneumatic, hy- 
M draulic, mechanical, electrical and electronic con- 
trol elements. All of these types of valve actuators 

are in use. 
Pneumatic actuators have been and still are the most 
common. However, electric, electropneumatic, and elec- 
trohydraulic actuators are becoming increasingly im- 








portant where all-electric or -electronic systems are being 
installed. Pneumatic actuators have been described pre- 
viously; this chapter describes electric (solenoid and 
motor), gas motor, and hydraulic motor actuators, and 
combinations thereof, with emphasis on electric actu- 
ators. (The word “motor” implies a device whose output 
is rotary motion.) 
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Fig. 7-1. In this packless solenoid- 
operated valve the plug is seated 
when the core is not energized owing 
to the weight of the solenoid core 
and inner valve, and also by the flow 
which enters over the larger seat and 
under the smaller when flow enters 
at left. 
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Fig. 7-2. Springs help overcome 
hysteresis in this packed-type sole- 
noid-operated valve. 





















































Fig. 7-3. Levers can be used to 
multiply the force of the solenoid, 
or to reverse the action of the actu- 
ator. 





Actuators 





C. S. BEARD 


Foster Engineering Company 


Solenoid Valves 


Use of a solenoid (a soft iron core that can move 
within the field set up by a coil surrounding the core) is 
a common means of opening or closing a valve. The 
force of the solenoid is used to pull the valve plug— 
either to open a normally closed valve or to close a 
normally open valve. 

Fig. 7-1 shows a packless valve whose plug drops to a 
seating position under the weight of core and valve plug, 
and also because of the flow which enters over the 
larger of the seats and under the smaller. Hence the re- 
sultant force due to flow and static pressure is downward. 

Springs assist in overcoming hysteresis in the packed 
type shown in Fig. 7-2. 

Reverse action (to open when de-energized) can be 
obtained by reversing the valve plug, but is usually ac- 
complished by a system of levers. Lever operation (Fig. 
7-3) is used to multiply the force of the solenoid in han- 
dling a larger valve or greater pressure drop. 

Solenoids cannot actuate large valve or valves with 
high pressure-drops without use of undesirably large sole- 
noid currents. For such service, therefore, the solenoid 
operates a small pilot valve (Fig. 7-4) to admit line pres- 
sure for operation of the main valve. 

For on-off control, particularly where short valve 
strokes are needed, solenoids offer a uniquely high speed 
of response. They are used coupled either directly to the 
valve stem or indirectly to the stem through mechanical- 
advantage or pneumatic-advantage mechanisms (such as 
pilot orifices). 

Most commercial solenoid valves use a single sustained 
level of power energization, which limits the power out- 
put of the solenoid to that obtainable with a current 
whose I?R-developed heat can be dissipated by the sole- 
noid. In a-c solenoids the heat due to hysteresis and eddy 
currents also enters the picture. 

One technique for overcoming this heat-dissipation 
problem is the use of high source voltages with a latch- 
in plunger action which automatically disconnects the 
coil from the source, as shown in Fig. 7-5. The single- 
pulse valve-closing solenoid is disconnected from the 
power high-voltage source by the single-pulse delatch 
solenoid, and hence does not heat up after it is closed. A 
pulse to the delatch solenoid permits the valve to be 
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Fig. 7-4. For 
larger valves or 
for high pressure 
drop, the sole- 
noid can be used 
to operate a 
small pilot valve 
that controls 
pneumatic or hy- 
draulic pressure 
to a pneumatic 
operator. 
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Fig. 7-5. Pulsed engagement with pulse-detach sole- 
noid — use of higher voltage source for shorter 
interval. 
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Fig. 7-6. Electric motor actuator for butterfly valve. 
Valve opens with 180° rotation and closes upon next 
180° rotation of unidirectional motor. 


Fig. 7-7. Link- 
age for translat- 
ing rotary motor 
action into verti- 
cal stem motion. 
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Fig. 7-8. Mercury switch (attached to 2-position con- 
troller) causes motor to drive unidirectionally. Main- 
taining switch causes motor to rotate drive arm 180 de- 
grees each time a mercury contact is made. 
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opened by the spring. Pulsed engagement would permit 
use of surges from thyratrons, ignitrons, etc. 

Solenoid-operated valves are used extensively for emer- 
gency shut-off service or automatic opening of a valve 
simultaneously with the operation of a pump or other 
piece of equipment. Automatic-control application should 
be confined to large-capacity systems such as control of 
liquid level in a large storage tank. (In this case, a float- 
operated electric switch would energize a solenoid valve 
on the influent line when the level is lowered to a pre- 
determined point. The valve would stay open—due to a 
holding circuit—until the float reaches desired level.) 

Many electric valves used for emergency shut-off are 
magnetic, but cannot be considered as solenoid-operated. 
The valve can be a globe type or a rotating-gate type. In 
either case, the valve is held open by electro-magnets. 
Upon loss of current (due to the action of a pilot switch 
or failure of electrical service) the valve closes by a com- 
bination of spring action, weight of the parts and, some- 
times, fluid flow in the line. In most installations it is 
advisable to use some method to preclude the possibility 
of opening the valve before the emergency has been elim- 
inated and normal operation made possible. 

Small solenoid valves can be used as pilot valves in 
many different ways, limited only by the imagination of 
the user. 


Electric-Motor Actuation 


Electric motors were among the first valve actuators— 
even before the requirements of automatic control be- 
came as exacting as they are at present. Advances in de- 
sign of electric actuators have been made both in the sys- 
tems by which the valve can be moved rapidly to any 
degree of opening, and in the control systems allowing 
opening or closing from any intermediate position. 

Fig. 7-8 shows a mercury switch for control of a uni- 
directional motor. The mercury switch is connected me- 
chanically to a 2-position controller. The circuit allows 
the motor to operate until the commutator of the switch 
and the corresponding drive arm rotate 180 degrees. 
Reversal of the 2-way controller (or mercury switch) 
moves the drive arm forward through another 180 
degrees. Thus the motor actuator will drive a valve (such 
as the butterfly shown in Fig. 7-6) completely closed 
with 180-degree rotation and completely open upon ad- 
ditional 180-degree rotation. The result is “on-off” action. 

The linkage between the actuator and the valve can 
be adjusted so that the valve cannot move completely 
from “full-open” to “full closed.” 

Fig. 7-7 shows conventional linkage for translating 
this rotary motor action into vertical valve-stem motion. 
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Fig. 7-9. Floating control is obtained by using re- 
versible motor to drive valve at constant, slow speed 
whenever mercury contact is made. 
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: Floating Control 

In floating control, the valve moves at a constant rate 
either toward the open or closed position except when the 
controller switch is not at neutral; the valve remains in 
its final position whenever the switch is at neutral. It does 
not move again until the controlled variable moves above 
or below the neutral position to actuate the controller 
switch. Floating control is obtained by using a reversible 
motor to operate the valve at a slow but constant speed. 

Fig. 7-9 shows a motor circuit for floating control. 
which has a set of stator windings for each direction and 
two tandem-connected rotors. The mercury switch is 
shown in a neutral position. When the controlled vari- 
able (such as level) causes the mercury to close contact 
C-L, the coil causing the motor to open the valve is ener- 
gized. The motor rotates until a limit switch stops the 
rotation or until the mercury controller switch breaks. 
When the controller switch is in the neutral position (not 
contacting either H or L) the motor remains stationary. 

Large valves can be operated electrically by gearing 
the motor drive to rotate the stem (Fig. 7-10). The motor 
must be of the reversible type, and it is essential that a 
manual de-clutching arrangement be used to disconnect 
the motor and connect a handwheel for manual operation. 
One design (Fig. 7-11) uses a friction device to discon- 
nect the handwheel-driven gear as soon as the motor 
starts. When the motor stops, the friction force caused 
by rotation is removed so that a spring reconnects the 
handwheel automatically. 


Proportional Control 


Most modern control systems require proportional 
control. In proportional control there is a definite valve 
position corresponding to each value of the controlled 
variable (within the proportional band). Thus, the valve 
must go from full open to completely closed as the con- 
trolled variable moves from one extreme of the propor- 
tional band to the other. 

The circuit shown in Fig. 7-12 can be used to obtain 
proportional control. Two slidewire resistances (potenti- 
ometers) are used. The movable slider of one is posi- 
tioned by the control instrument and is responsive to the 
controlled variable (level. flow, etc.); the slider of the 
other is positioned by the valve stem. The two slide- 
wire resistors are used as the legs of a Wheatstone- 
bridge circuit. A balancing relay causes rotation of the 
motor in the direction necessary to set the valve resistor 
at a position corresponding to that of the controller 
resistor. 

This system for positioning can be used on almost 
any valve which is actuated by a reversible motor. 


Stem Force Factors 


When using an electric motor it is necessary to use a 
levice to stop the motor at either the closed or open 
position. or whenever the valve becomes blocked, as 
when trying to close on foreign matter in the line. Fur- 
ther, it is not sufficient to use limit switches (at least not 
for detecting a closed position) because it is necessary 
to seat the valve with enough force to minimize leakage. 
For this reason, a method for recognizing and limiting 
the stem force must be furnished. 

This can be done mechanically by use of a differential 
clutch between the gears driving the valve stem and a 
rod, which can act upon a stopping switch. With nothing 
hindering the rotation of either of the gears, they will 


Fig. 7-10. Large valves can be driven by gearing the 
motor drive to rotate the stem. De-clutching arrange- 
ment permits motor to be disengaged, and handwheel 
engaged, for manual positioning. 


Friction Shifter 


Handwhsel Shaft 


Mator Driven 
Gear Flants 
on Moin Worm 
Stub Shefr 


WY 


—_— 
Jf 
2. 


. 


i 
H 


Jow Chatch 


AMM 


Clutch Shifter 
Cross Shaft 


Spring Urges 
Clutch to Power 
Posittan at 

All Times, 


Fig. 7-11. Friction clutch automatically engages hand- 
wheel when motor drive stops, and automatically dis- 
connects handwheel-driven gear when motor starts. 
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Balancing relay» 


Fig. 7-12. Circuit for obtaining proportional control 
is essentially a Wheatstone bridge. Slidewire at left is 
positioned by control instrument; slidewire at right is 
positioned by valve stem. Hence motor follows a change 
in variable and applies proportional corrective drive. 
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Fig. 7-13. Circuit for "over-volting" and accurately 
stopping a squirrel-cage induction-motor valve drive. 
























































move together. When the valve is obstructed and its gear 
set stops, the motor will continue to exert force on the 
remaining gears, and they will start to turn separately. 
This new rotation is transferred to the element used to 
shut off the electric power to the motor. 

Another type of electric actuator employs a strain gage 
to detect the stem force at each end of the stroke. 

Electric actuators for gate valves must use some meth- 
od to unseat the wedge before the valve can be opened. 
This is done in several mechanical ways. They consist 
essentially of allowing the motor to gain speed before 
contact is made with the end of a slot. This imparts a 
hammer blow to unseat the valve. 


Fig. 7-14. Circuit for control of valve stem speed in 
response to error signal and stem loading force. Stem 
force is sensed by strain-sensitive resistor mounted on 
stem. 
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Most motor actuators originally were designed for re- 
mote operation of large valves, using a push button to 
energize the motor, and with speed of stem motion 
(which can be varied by changing gears) of about 20 
inches per minute. A majority of the applications were 
for on-off control so that hammer blow (for unseating) 
and limited torque control (at the ends of the stroke) 
were adequate, if necessary, features. 

Adaptation of this equipment to proportional-contro! 
service where position and direction of motion are dic 
tated by a controller must take additional variables int 
consideration. Good control requires that the valve start 
to move immediately and move rapidly upon any small! 
change in controller output; and that it come to a stoj 
in the position required to satisfy the new condition. This 
is particularly true if the rate of change of valve posi- 
tion is constant, as is the case with many electric-moto1 
actuators. 

Both static and dynamic loads on the motor actuato1 
vary for every operating condition, as for all other actu- 
ators. The previous discussion in Chapter 5 pointed 
out that the static forces due to flow vary, and even 
reverse, depending on the diretcion of flow. type of valve. 
and position of valve. Dynamic forces, consisting ot! 
hysteresis and unbalance, also vary with the direction 
of stem travel. Thus, even if gear-train efficiency were 
increased to allow use of smaller motors, and if the total 
load were decreased to permit faster valve-movement. the 
problem of variable load would still exist. 


Over-Volting 


The actuator motor can be “over-powered” to obtain 
sufficient starting torque for gaining speed. This tends to 
contribute to overshooting the desired position (hunt- 
ing). Use of worm drives assists both in rapid coming 
to rest and in obtaining the necessary power. Speed of 
reaction is increased also by the use of planetary gears. 
which, however, tend to increase hunting. 

One design (Fig. 7-13) uses “over-volting” for start- 
ing. A higher-than-normal voltage is applied during the 
period from the initial closing of the circuit until maxi- 
mum motor speed has been attained. The speed is sensed 
by a tachometer-type generator. 

Immediate stopping of the motor with no coasting is 
also necessary for this system. This is accomplished by 


Fig. 7-15. Equipment for circuit shown in Fig. 7-14. 
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a conventional “plugging” switch (which uses the same 
tachometer used during starting). The output of the 
generator operates a relay to activate an additional field 
in the motor which is designed to offer braking action. 
This field is energized at the instant that the controller 
recognizes that the necessary valve position change has 
been accomplished. 

Control instruments with refinements in the feedback 
loop (such as rate response) require that the valve speed 
be adequate. The pneumatic actuator does, within limits, 
follow the rate of change in controller output as well as 
the quantitative change. The electric actuator must do 
the same for full acceptance by the design engineer. 

The block diagram in Fig. 7-14 illustrates a method 
for control of valve stem speed in response to both an 
error signal and the stem loading force. The equipment 
is shown in Fig. 7-15. The control reduces the speed as 
balance position is approached by varying the series re- 
sistance in the secondary of a wound-rotor induction 
motor. The same technique can be applied to any a-c or 
d-c motor whose speed can be varied by using a variable 
transformer or a continuously adjustable resistance in the 
field winding and/or rotor winding. 


Gas and Air Mofors 


Conventional reversible gas motors of the rotary or 
piston type have been adapted for use in operating valves 
of almost ali designs, including sliding stem, plug valves, 
or gate valves (Fig. 7-16). 

Many actuating units designed for electric-motor oper- 
ation can be driven with a gas motor. Reversing action 
can be accomplished with a four-way solenoid or with a 
diaphragm-operated pilot valve. The resulting control 
mode is floating control, similar to the system described 
under electric motors; the valve continues to move at a 
constant rate in one direction until it reaches a limit 
switch, or until the controlled variable produces a revers- 
ing signal. Special features (similar to those embodied 
in the electrically controlled valve) make possible the 
control of the seating force in the closed position, and 
also the acceleration of the motor before the opening 
motion begins. 

One successful form of pneumatic motor control is 
shown in Fig. 7-17. Here the limit stops contact fingers 
which operate two pilot valves that control the flow of 


Fig. 7-17. Adjustable limit stops determine the valve 
travel in this gas-or-air-motor actuator design. 




































































Fig. 7-16. Gas 
motor actuator. 
Motor is re- 
versed by sole- 
noid pilot valves. 


high-pressure air or gas used to power the motor. The 
limit cams can move backward or forward without 
change in relation to each other while the cam shaft 
is rotated by the driving motor. 

Many desirable features have been incorporated in the 
valve actuator shown in Fig. 7-18. Accurate setting of the 
valve is accomplished by a valve positioner which senses 
stem position through the movement of a stainless-steel 
tape. The air signal from the controller is fed to valve 
positioner which controls the pilot valve, which in turn 
controls the air motor. The motor moves until it reaches 
a position which corresponds to the output signal from 
the instrument controller. 

Gas-motor actuators, like electric-motor actuators, offer 
the advantages of (1) maintaining their last position 
upon loss of power, (2) allowing long stem travel, (3) 
high power through gearing, (4) readily adaptable to 
manual operation, and (5) stability at any valve position. 
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COMPENSATED VIDEO DETECTOR HAS 0.07 
MICROSECOND FALL TIME 


This video detector (NBS-BuAer Preferred Circuit 
PC20) is used to demodulate pulsed intermediate-fre- 
quency signals, as in radar receivers. Output of detector 
will normally be fed to video limiter PC21 (J&A, March, 
1956). 

The diode is one-half of a 5726, a premium version of 
type 6ALSW. It is connected for negative pulse output, as 
required by the following limiter. Linear operating range 
extends from about 0.2 to over 4 v: nominal operation 
level is 0.6 v. 








i-f AMPLIFIER 


C> I inupf, 
C<wuf; 
L in geh 














Input capacity is about 14 uuf, consisting of 4 uuf for 
the 5726 and wiring, plus the 10 uuf capacity of C;. Shunt 
capacity of following stage is also 14 uuf (10-uuf wiring 
plus 4 uuf for input capacity of following 5654 stage). 
Hence fall time is 2.2 RC = 2.2(2.2K)(28 uuf) = 
0.136 usec. 

Components L,-R;-L. are added to reduce the fall 
time of the output pulse. Without compensation. fall 
time is 0.136 usec. Compensation reduces fall time by a 
factor of 2.06—to 0.066 usec—with 3% overshoot. In- 
ductor L; (70 uh) is wound to be self-resonant at the 
i-f frequency. 

Input: I-f pulses. 20-70 Me. 

Output: Rectified negative pulses, 0.6 v nominal level. 

Input Capacity: 14 uuf. 

Fall Time: 0.066 usec, with 3% overshoot. 

Source: NavAer 16-1-519, Handbook of Preferred Cir- 
cuits, Navy Aeronautical Electronic Equipment, National 
Bureau of Standards, Washington, D. C. 





NULL VOLTAGE INDICATORS 


These two circuits are used in FM receivers as tuning 
indicators. The left-hand circuit uses a 6J6 dual triode 
tube and a type NE-51 1/25-watt neon lamp; it is used 
in the Sonocraft FM tuner, Qutput of the FM discrimina- 
tor is direct-coupled to one triode grid; the other grid is 
grounded, When the receiver is correctly tuned, the d-c 
output of the discriminator is nearly zero volts. Hence the 
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plate currents of the two halves of the tube are nearly 
equal, and the difference between the two plate voltages 
is less than the 75 volts needed to light the neon lamp. 
if the receiver is improperly tuned, there will be a posi- 
tive or negative d-c voltage at the discriminator output: 
about 2.5 volts output is enough to cause the lamp to 
light. 

When a d-c voltage is applied to the neon lamp, the 
more negative plate glows. Thus, one plate glows when 
the receiver is tuned above the carrier frequency and 
the other when it is below the carrier. Neither plate glows 
when the set is tuned closely to the carrier frequency. 
It should be noted that the plate voltage of the right-hand 
half changes when input is applied, even though its grid 
is grounded. Voltage changes at the common cathode. 
produced by the changing plate current of the left-hand 
triode, produce a grid-to-cathode voltage on the right- 
hand half of the tube. Plate swing of the grounded-grid 
section is only about one fourth that of the input section. 

The second tuning indicator circuit is used in a British 
FM set and was described in Wireless World, It is similar 
to the first but uses a 12AX7 tube with a neon lamp in 
series with each plate. If the discriminator output voltage 
is positive, plate current of the input triode increases and 
its lamp glows brighter. At the same time, the increased 
drop across the common cathode resistor increases the 
bias on the other tube section and its plate current drops. 
dimming the lamp in its plate circuit. When the dis- 
criminator output is negative, the reverse effect takes 
place. Tuning is adjusted for equal brightness of the two 
lamps. The common cathode resistor value is made suf- 
ficiently high to hold the neon lamp currents to within 
rated values. 

The RC low-pass filter at the input of each circuit re- 
moves the audio signal which otherwise would interfere 
with the indication. The RC time constant should be equal 
to at least 3 or 4 cycles of the lowest audio frequency 
present. 

Source: Radio-Electronics, February, 1956 


REGULATED POWER SUPPLY FEATURES 
BEAM-POWER SERIES-TUBES WITH SEPARATE 
SCREEN SUPPLY 


The conventional series-tube-regulated power suppl) 
has a series tube, a d-c amplifier, and a source of refer- 
ence voltage. The series tube acts as a “variable resistor’ 
controlled by the d-c amplifier. The series-tube should 
have high efficiency (low plate-voltage drop) and high 
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CIRCUITRY 


The circuit is the heart of all electron- 
ics. Here are 5 more basic and interest- 
ing circuits. Unless marked, resistors are 


in ohms, capacitors in microfarads. 


gain (for good regulation). Unfortunately, high-gain 
tubes have low efficiency, and vice versa. Hence either 
low-mu triodes (which can pass large current with little 
plate-cathode voltage drop) or triode-connected beam- 
power tubes (which have higher amplification factor but 
larger plate drop) are used commonly. This circuit uses 
a beam-power pentode (for high gain) with a separate 
screen voltage source to attain a higher amplification fac- 
tor than is possible with a triode-connected beam-power 
tube. Its efficiency approaches that of a low-mu triode. 

The circuit shown is similar to NBS-BuAer Circuit 
PC3A, with the basic difference that a beam-power series 
tube and an additional d-c amplifier input stage are 
used in this circuit. 

The filtered but unregulated voltage is applied at Fj, 
and passes through the two 6098/6ARO6WA series tubes. 
Any variation in output voltage is first amplified by V5B 
and V5A. For example, a diesen in Eo causes a positive 
signal at plate of V5B, and a negative signal at plate of 
V5A. Both signals are applied to ; the final d-c controller 
stage V3A (the latter directly, the former through stage 
V3B) to cause the grids of the 6AR6 to go more positive, 
restoring the output voltage. 

Network R9-Cl provides negative feedback around 
stage V3A to reduce its gain at high frequencies and thus 
prevent instability, which might occur at some high fre- 
quency due to phase shifts in the amplifier circuit. 

For the 6098/6AR6 tubes shown, the separate screen 
supply is a 150-v selenium-bridge-rectifier RC-filtered un- 
regulated supply. Beam-power pentodes 6CU6/6BQ6 also 
can be used with a separate screen-supply of 90 v and 
12 ma. 

Output capacitor C4 should be 4 or 8 uf. 

All heaters are maintained at a d-c voltage level that is 
one-half the output voltage by the 68K-ohm voltage di- 
vider across the filament supply winding. 

The regulated output can be used as the screen supply 
for a lower-voltage source, as shown in B. This is import- 
ant because whereas the added regulation might not justi- 
fy the cost of a separate screen supply for the beam-power 
tubes, particularly in view of the fact that adequate sup- 
plies can be made without this feature, a system of regu- 
lated supplies can be obtained by use of only one added 
screen supply, as shown. 

Input E,: 335 volts at full load (200 ma) and minimum 
line voltage. 

Output Eo: 300 volts regulated at 200 ma (100 ma 
per tube). 

Regulation: With 6098/6AR6 tubes, output varies less 
than 0.2 v for 25% variation in load, and + 10% change 
in line voltage (when input voltage ripple is less than lv 
and screen-voltage ripple is less than 0.5 v). If input volt- 
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age ripple is 30 v and screen-voltage ripple is 1 v, then 
output ripple is 1 mv. 

Output Resistance: less than 1 ohm from de to over 
150 ke. 

Source: S. Rubin, National Bureau of Standards, Wash- 
ington 25, D. C., in Summary Technical Report 1935. 
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The Land suction pyrometer, now offered in the USA by Fielden Instrument Div., Robertshaw-Fulton Controls Co. 


SUCTION PYROMETRY 


Thermocouples measuring gas temperature must be protected from 


radiant heat transfer to or from surrounding walls, and the hot 
gas must be moved rapidly past the thermocouple. The result is 
a suction pyrometer. The work described has resulted from friend- 
ly co-operation between the author’s company and two research associa- 


T. LAND 
Land Pyrometers Ltd. 
Sheffield, England 


tions—the British Iron & Steel Research Association (B.LS.R.A.), and 
the British Coal Utilization Research Association (B.C.U.R.A.). 


THE AUTHOR 


eadquarters for Instrument and 
Jutomation Information since YOIR 


Mr. T. Land (center) studied mathematics and physics at 
Cambridge University. He took an honours degree in 1935 
and received the degree of Master of Arts in 1940. For six 
years he was in charge of pyrometry at the steelworks of 
William Jessop & Sons, Limited, and later became Senior 
Physicist to the Birmingham Small Arms Group Research 
Centre. In 1950 he established his own instrument company 
of Land Pyrometers Limited, in Sheffield. He has published 
numerous scientific and technical papers in England, mostly 
on subjects relating to steelworks pyrometry, and served on 
several research committees of the British Iron and Steel 
Research Association. 

He flew to this country from England to deliver this paper 
at the Pittsburgh Section ISA Iron & Steel Conference, 
March, 1956. He is seen above showing the Land surface 
pyrometer to Carl Yeager, left, (Chief Combustion Engineer, 
Jones & Laughlin Steel Corp., Cleveland) and Chas. Swart- 
wout (The Swartwout Co.). 
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tion in Britain of the need to measure accurately 
the temperature of hot gases in power stations. steel 
melting furnaces, glass tanks, and other industrial opera- 
tions—not only to increase production but to economize 


D URING the last five years there has been a recogni- 


in use of fuel. 
A sheathed thermocouple in a room assumes a tempera- 


ture roughly midway between the temperature of the air 
and that of the walls. At higher wall temperatures, radiant 
heat transfer increases and the thermocouple temperature 
approaches that of the surrounding surfaces. To measure 
gas temperatures, the thermocouple must be protected 
from radiant heat transfer to or from the walls by sur- 
rounding it with a system of radiation shields. Also, the 
hot gas must be sucked past the thermocouple and shields 
at a high velocity to increase convective heat transfer 
The result is a suction pyrometer. 

The suction pyrometer has been developed and used in 
Germany, notably by Schack’, and in the United States 
by such workers as Mullikin and Osborn*, and Marsh‘ 
An extensive bibliography of the subject has been giver 
by Mullikin*. 

The problem of prime importance, the accuracy 0! 
measurement, was recognized by Marsh, who took care 
to determine how many radiation shields were necessary 
for the conditions of operation which he encountered 
However, there has been no general theory of the suctior 
pyrometer. The author and his co-workers, therefore 
tackled first the mathematical theory of the instrument 





Table |.—Efficiency (%/) for Sheathed Thermocouples 
with Multiple Blackened-Metal Radiation Shields and Gas 
Velocity of 500 ft/sec. 





Number of Radiation Shields 
2 r ek 8 6 


Temperature 














400°C ( 732°F) 
600°C (1112°F) 98 
800°C (1472°F) 3 
(000°C (1832°F) rT we 
1200°C (2192°F) 69 98 99 

1400°C (2552°F) 55 5 97 99 «99 
1600°C (2912°F) 43 9 94 % 97 98 
































Table Il._—Effect of Gas Velocity on Multiple-Shield 


Suction Pyrometers 








Velocity (ft/sec) 10 20 50 100 200 300 400 500 600 700 
Equivalent number 0.21 0.28 0.40 0.52 0.69 0.82 0.93 1.00 1.07 1.14 


of shields at 500 
ft/sec 














The theory is a little complicated and need not be re- 
peated here: the results of the calculations were published 


recently’. Fortunately. the results are relatively simple 
and can be understood and applied easily. The theory 
is based on the established equations for radiant and 
convective heat transfer. and shows satisfactory agree- 
ment with experimental and published results. 

The calculations establish the error of a suction pyrom- 
eter, with a view to making instruments with negligible 
errors. The errors need be calculated only with an accu- 
racy of +50%, so that approximate solutions are accept- 
able. It must be emphasized that the calculations are not 
intended to produce corrections which can be applied to 
instruments; they are intended as a guide to design. 


Efficiency of a Suction Pyrometer 


In designing a suction pyrometer one must decide first 
how many radiation shields to use and what gas velocity 
to employ. It is good practice to aim for a gas velocity 
through the radiation shields of from 500 to 700 ft/sec. 
High velocities are attained by converting part of the 
thermal energy of the gas into kinetic energy. Velocities 
above 700 ft/sec can cool the gas appreciably, but it is 
difficult to get a velocity of 700 ft/sec with conventional 
fans and ejectors. Sometimes one must be content with a 
velocity of only 100 or 200 ft/sec. 

An important concept in suction pyrometers is the 
“efficiency” of the instrument. Suppose that a suction 
pyrometer is first put into the furnace without the suction 
turned on; it will indicate a temperature differing from 
the true gas temperature by an amount ©,. When the 
suction is applied, ©, will be reduced to ©. Thus the 
efficiency of a suction pyrometer is the ratio: 

0, — o 

0, 


EFFICIENCY (%) 
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Fig. |. Efficiency of suction pyrometer with blackened 
metal sheath and one radiation shield. 





An efficiency of 95% is usually satisfactory. If the 
temperature ot the surrounding surfaces does not differ 
greatly from the gas temperature. a pyrometer with an 
efficiency of only 80% might be acceptable. 


Design Data 


Many suction pyrometers are made with metal radia- 
tion shields whose surfaces rapidly become oxidized and 
may then be considered to be black. Efficiencies of suction 
pyrometers at different temperatures, using “blackened” 
metal shields and thermocouple sheaths. are shown in 
Table I for a hot-gas velocity of 500 ft/sec. The efficiency 
improves with number of radiation shields. The effect of 
reducing gas velocity is the same as reducing the number 
of radiation shields by a factor: that factor is given in 
Table IL. 

An example typical of the air preheat in the uptake of 
an open-hearth furnace illustrates the use of the table. 
A pyrometer with metal radiation shields is used to meas- 
ure a gas temperature of 2000°F. With the suction 
turned off the pyrometer indicates 2400°F. A gas velocity 
of 500 ft/sec through the radiation shields can be ob- 
tained. Accuracy of 20F°. or an “efficiency” of 95%, is 
required. The mean temperature of the shield system is 
about 2200°F. Table I shows that for 95% efficiency we 
need five concentric radiation shields of oxidized metal. 

If the gas velocity dropped to 100 ft/sec, Table II 
shows that the effective number of shields would be 
halved. From Table I we see that the efficiency would 
drop from 95% to about 80%. and we would expect an 
error of about 80F°. For lower temperatures. only one 
or two radiation shields need be used. 

Efficiency of a pyrometer with a single blackened metal 
shield is shown in Fig. 1; for two shields the efficiency is 
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Fig. 2. Efficiency of suction pyrometer with blackened 
metal sheath and two radiation shields. 


given in Fig. 2. Table I is accurate only for multiple 
shields; the columns of figures for 1 and 2 shields are 
included in the table for pyrometers with multiple shields 
working at low velocities. 

The use of a bare platinum thermocouple greatly im- 
proves the accuracy of a suction pyrometer. Unfortunate- 
ly, it is rarely possible to use such a couple unprotected 
in industrial gases because it becomes contaminated 
rapidly. A base-metal couple sometimes can be used with- 
out a sheath, and the advantage is roughly equivalent to 
using one additional radiation shield. 


Refractory Radiation Shields 


Note that Table I indicates the need for large numbers 
of radiation shields at high temperatures. However, much 
fewer shields are needed if refractory materials are used. 
This is due to the fact that refractories have much lower 
emissivities than oxidized metals like nickel, and also have 
lower thermal conductivity. The emissivity is usually the 
important factor. 

It is found in practice that one refractory radiation 
shield is roughly equivalent to two oxidized metal shields. 
Thus, two refractory shields give tolerable results in meas- 
uring the preheated air temperature in an uptake. Three 
shields give accurate results. 


Service Tests 


How can we test a suction pyrometer in service? 

Marsh constructed a series of different pyrometers of 
increasing complexity. He compared results obtained by 
adding radiation shields until he found no improvement 
in performance with addition of extra shields (Fig. 3). 

An easier method, which has been used more widely, 
is to increase the gas velocity through the radiation shield 
in increments and to plot a curve of temperature vs 
velocity. This is not quite as easy as it sounds because 
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- Fig. 3. Experimental results with pyrometer having |, 
3, 5, 6 and 7 radiation shields (Marshy, 


the process takes a long time and the gas temperature 
can change considerably during the test. The curve of 
temperature vs velocity shown in Fig. 4 indicates the 
accuracy of measurements and gives convincing evidence 
that the temperature is being measured correctly. It is 
more difficult to interpret results such as those shown in 
Fig. 5. 


A New Test Method 


The mathematical theory of the suction pyrometer shed 
new light on methods of testing in service. First, it re- 
vealed the shape of the curve relating temperature and 
velocity. All pyrometers with multiple radiation shields 
yield a temperature-velocity curve of a standard shape. 
Thus comparison of experimental results with this the- 
oretical curve is possible. The curve can be extrapolated 
with reasonable confidence so that the efficiency of the 
pyrometer can be determined. 


This is still a tedious method of testing, and a simpler 
procedure is to operate the pyrometer at full velocity and 
record the temperature while the gas flow is measured 
with a Venturi and manometer. To carry out the test, the 
gas flow is halved for two or three minutes and then 
turned off altogether. The recorded temperature goes up 
(or down) in two steps. The full flow is then restored. 


The accuracy of the pyrometer is assessed in the fol- 
lowing simple manner: The heights of the two steps in 
the temperature record are measured. The effect of turn- 
ing off the suction completely should be much greater 
than that of halving the gas flow, so that there is a small 
step and a big one, as shown in Fig. 6. ' the big step is 
less than seven times as high as the small one, the pyrom- 
eter is not operating with accuracy. The error is then 
greater than the height of the small step. If the ratio 
exceeds 7:1 the height of the small step is a good estimate 
of the error of the pyrometer with full suction. 
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Fig. 4. An experimental curve relating indicated tem- 
perature to gas velocity. The long flat portion of the 
curve shows that the true gas temperature has been at- 
tained (Wenzl and Schulze). 


A warning must be added that turning off the suction 
completely can mean plugging the gas outlet. There is 
frequently a sufficient pressure in the furnace to create 
appreciable flow of gas through the pyrometer without 
aspiration. 


Alternate Test Method 

The theory suggested a second method of testing py- 
rometers in use. Although it is not quite so easy to carry 
out accurately as the “method of half velocity,” its chief 
merit is that it gives a second, completely independent 
method of checking the efficiency of the pyrometer. As 
the two methods have been found to agree, either can be 
used with confidence. 

The basic idea of the test is easily understood: If the 
suction is suddenly turned off, the thermocouple cools off 
(or heats up) by radiation alone. The radiation shields 
insure that this is a slow process. [f the suction is turned 
on again, the couple heats up (or cools off) chiefly by 
convection. If the pyrometer is accurate, the convective 
heat transfer will be much greater than the heat transfer 
by radiation. Therefore the temperature will reach equi- 
librium much more quickly when the suction is turned on, 
than it did when the suction was turned off. 

This forms the basis of the second method of testing. 
The suction is turned off and left off for a sufficient time 
for the temperature to reach a steady value. It is then 
turned on again. The temperature is recorded on a chart 
having a large enough scale for times and temperature 
changes to be read accurately. The time constants for 
heating and cooling are measured from the chart. 

To find the “efficiency” of the pyrometer the ratio of 
the small time-constant to large one is found and 
squared, and the result is subtracted from unity*. Thus: 

Efficiency =.1— (717/72) 
where 7, is the small time-constant and 7. is the large 
time-constant. (The time constants may be defined as 
“the time taken to complete nine tenths of the total tem- 
perature change. ’’) 

An example helps to make the method clear. Suppose 
that on switching off the suction and plugging the gas 


*If only a single radiation shield is used this formula is not ap- 
plicable. Then we must take: Efficiency = 1—2(11? / 727). 
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Fig. 5. Experimental curves having a less satisfactory 
shape than Fig. 4. It is not at all obvious that the true gas 
temperature has been attained (Mullikin). 
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6. A typical temperature record obtained when 
s velocity is first halved (giving a small step) and 


then reduced to zero (giving a big step). Under certain 
circumstances the height of the small step is equal to the 
error of the pyrometer at maximum velocity. 

















































































































Fig. 7. The type of record obtained when the suction 
is turned off and then turned on again. The error of the 
pyrometer can be calculated from the ratio of the time 
constants of ‘these two exponential curves. 
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Fig. 8. The Land suction pyrometer for high-tempera- 
ture gases. 


outlet, the temperature rises 200F°, and suppose that the 
first 180° rise takes six minutes. The suction is then 
switched on and the temperature quickly drops 200F° to 
the temperature from which we began. Let us assume that 
it required only two minutes to drop the first 180F° of 
the total 200°: The temperature record is shown in Fig. 7. 

The two time-constants are six minutes and two min- 
utes, respectively. The square of their ratio is 0.11. Hence 
the efficiency of the pyrometer is 89%, and the error of 
the instrument will be: 

(0.11/0.89) > 200 = 25F° 


This method cannot be used easily if the gas tempera- 
ture is varying rapidly. In that event, two identical py- 
rometers can be used side by side. They are connected in 
series opposition and the temperature difference is meas- 
ured. The experiment should be made in such a manner 
that in each measurement the difference begins with a 
large value and diminishes to zero. 

Knowledge of this method often allows the operator to 
tell at a glance whether the accuracy of the pyrometer is 
good or poor. He just turns the suction off and then on 
again, and glances at the chart. For quantitative results, 
the “method of half velocity” is usually simpler to use. 


The Land Suction Pyrometer 


A series of suction pyrometers was constructed while 
the mathematical theory was being developed. These en- 
abled the theory to be tested, modified and extended. The 
final design is shown in Fig. 8. It incorporates several 
important features®: (1) The probe is water-cooled. (2) 
It is made of a seamless stainless-steel tube and provided 
with a small bellows to allow for differential expansion 
of the tubes in use. (3) A platinum/13% rhodium ther- 
mocouple is used to measure the temperature. (4) The 
thermocouple is carried in a stainless-steel tube within the 
water-cooled probe. (5) Spare thermocouple wire is car- 
ried on spools in a reel box at the cold end of the pyrom- 
eter. (6) Metal or refractory tips can be fitted to protect 
the hot end of the thermocouple. 

The internal diameter of the probe is 13g” and its 
outside diameter is 214”. It can be made up to 15’ long, 
but 6’ is a convenient length. To insure adequate gas 
velocity there must be no side entry. The gas is carried 
away around a gentle bend of adequate diameter. A 
measuring Venturi and an aspirator of improved design 
can be added. 

The radiation shield is a replaceable unit with an in- 
ternal bayonet fitting. An Inconel shield is used for tem- 
peratures up to 1150°C. This comprises four concentric 
finned tubes. The fins touch the inside of the next larger 
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Fig. 9. The water-cooled probe with a refractory radi- 
ation shield fitted internally. 


tube only at the ends, to avoid thermal conduction. The 
Inconel thermocouple sheath is also finned. The efficiency 
of this system at 500 ft/sec and 1150°C is approximately 
98%. An important application of the Inconel shield is 
for water-tube boilers. 

Refractory shields and sheaths can be fitted to the same 
pyrometer for higher temperatures. An extruded refrac- 
tory shield, comprising three concentric finned tubes, has 
been specially designed. It can be used up to 1700°C, in 
conjunction with a Mullite thermocouple sheath. At 500 
ft/sec the efficiency is approximately 90% at 1600°C. 


B.1.S.R.A. Water-Cooled Radiation Shield 


The British steel industry has been keenly interested in 
preheated air temperature in the open-hearth furnace. 
In this field useful pioneer work was carried out by 
Cashmore’. 

The conventional suction pyrometer has a hard life in 
the uptake of an open-hearth furnace. During the half 
cycle when air is passing, the temperature of the refrac- 
tory shield is rarely more than 1400°C, but during the 
waste-gas cycle the gas temperature may be 1800°C and 
particles of slag are carried through from the furnace. 
Even if the suction is turned off during the period when 
waste gases are passing, the refractory shield rarely lasts 
for more than a few hours. It softens, melts and quickly 
blocks up. Design of a pyrometer was sought which would 
run for several days without attention. 

B.I.S.R.A.° ultimately hit upon the simple idea of en- 
closing the radiation shield in the water jacket. It is 
thus protected from excessive heat during the waste gas 
cycle, and the temperature of the shield is always less 
than that of the aspirated hot gas. The suction is turned 
off automatically when waste gases are passing. The 
pyrometer is so located in the uptake that the slag parti- 
cles do not impinge on the exposed front surface of the 
radiation shield. 

This arrangement was first intended to give an arbi- 
trary reading, lower than the true gas temperature, which 
then could be corrected. It was expected that the pyrom- 
eter would read low. When the idea was tried, it was 
found that the error was small. Calculation showed that 
the success of the method depended on the high efficiency 
of the coolest radiation shield. Radiant-heat transfer falls 
off abruptly at low temperatures. In an open-hearth-fur- 
nace uptake the water-cooled radiation shield may be as 
accurate as the same shield when exposed to the radiation 
from the hot walls. 

The error of the pyrometer with the water-cooled radia- 
tion shield (Fig. 9) is about 25F° at 2000°F and perhaps 
50F° at 2400°F. This accuracy could, of course, be im- 
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proved by using extra radiation shields. It has been con- 
sidered adequate for practical purposes. 

_ The “method of half velocity” is perfectly satisfactory 
lor testing pyrometers with a water-cooled radiation 
shield. It is unnecessary to turn off the suction completely 
as part of the test. The gas velocity is simply reduced to 
half of its maximum value. The drop in temperature is 
equal to the error of the pyrometer at full gas flow. 


Applications of B.1.S.R.A. Shields 


B.I.S.R.A. water-cooled radiation shields have proved 
their accuracy. At the Abbey Works of the Steel Company 
of Wales, two suction pyrometers were fitted to the air 
uptakes of an oil-fired open-hearth furnace. Pneumatic 
valves, actuated by the reversing levers, were attached to 
the air supplies for the ejectors. In this way only pre- 
heated air was aspirated, not waste gas. The tests lasted 
for ten days. By the end of the test the pyrometers were 
running continuously, night and day, for two or three 
days without needing any attention. 

Several practical conclusions were drawn from these 
tests. First, the necessary services must be well engi- 
neered; air and water supplies at adequate pressures must 
be supplied at the right places. It is an advantage if the 
uptake can be plated, with a hole of the correct size fitted 
at the right location. Plate and hole might even be water 
cooled. Such an arrangement is infinitely better than 
plugging holes with brick-ends and cement. The pneu- 
matic valves must be fitted and must close completely. 
These elementary things are often overlooked. 

The pyrometer must be located in the correct place. 
It was introduced from the pit side. A large improvement 
in life resulted if the exposed end of the radiation shield 
was placed where it could not be sprayed with slag 
particles coming through the port during the waste gas 
oeriod. The pyrometer should face somewhat downstream 
or this reason. The best position will depend on the 
urnace design. 

At first, the compressed air was turned on as soon as 
he furnace reversed. This results in a lot of waste gas 
veing sucked down the pyrometer. The life of the radia- 
ion shields can be doubled by delaying the process of 
:witching on the ejector for one minute after reversal. 
This allows time for the waste gases to be swept away by 
he preheated air. 

It is wise to meter the gas flow. Measuring the air 
yressure supplied to the ejector, or the suction at the cold 
‘nd of the pyrometer, is not sufficient as the suction gives 


no warning if the pyrometer should become blocked. A 
Venturi and simple manometer are essential. 

Later experiments have shown that the temperature of 
the air leaving the pyrometer is a useful guide to the 
volume of gas passing. A thermocouple in the outgoing 
gas can ‘be connected to the temperature recorder and 
will indicate a sudden drop in temperature if the pyrom- 
eter blocks up. In any case, the Venturi is essential to 
establish the hot-gas velocity through the radiation shield. 
This must be calculated from the cross-section of the 
apertures in the shield, the mass flow of gas, and its 
temperature. A velocity between 500 and 700 ft/see 
should be used. 

With careful location, the pyrometer might run con- 
tinuously for a week without attention. 


The Problem of Pulverized Fuel 


The products of combustion of pulverized fuel (coal) 
present special problems. The ash in the gas readily 
blocks the pyrometer. The effect of the deposition of ash 
has been found to vary with temperature. Below about 
1800°F the dust is dry and passes through the shield 
system without causing much trouble. Above about 
2500°F the ash becomes molten, and flows as a liquid 
over the shields. On cooling, a black coating is formed, 
looking like black enamel. 

Between 1800° and 2500°F a bulky “birdnesting” de- 
posit is formed. This consists of ash deposits adhering 
loosely at low temperatures and becoming more dense as 
the temperature rises. 

Temperature measurement in the “birdnesting” region 
is difficult. The best solution that was found is the use of 
solid-zircon radiation shields with a few large holes. Such 
shields rely on low thermal conductivity to reduce the 
radiant heat loss. Their efficiency is only of the order of 
80% and they are rather slow in their response. But they 
will operate in pulverized-fuel furnaces for an hour at a 
time. 

Another method of measuring gas temperatures under 
these difficult conditions is the ““Venturi-pneumatic” py- 
rometer described next. 


The B.C.U.R.A. Venturi-Pneumatic Pyrometer 


Although gas thermometers are rarely used in indus- 
try, a new form of dynamic gas thermometer presently 
is being tried. Such instruments use as the working fluid 
the hot gas which is to be measured. They have been 
called pneumatic pyrometers. 
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Fig. ||. Curve obtained for the pre-heated air and the 
waste gases in the uptake of a glass tank, using the 
B.C.U.R.A. Venturi-pneumatic pyrometer. 


The principle of the pneumatic pyrometer has been 
described by Moore’. The hot gas is drawn through two 
orifices and is cooled as it passes between them: the tem- 
perature of the gas is measured at the cool orifice. The 
differential pressures across the two orifices are also 
measured. and the ratio of the densities of the hot and 
cool gas is deduced from the ratio of the pressure differ- 
ences. This ratio is equal to the ratio of the absolute tem- 
peratures of the hot and the cool gas. Hence. if the pres- 
sure differences are Ap;. and Ap», and the temperatures 
of the hot and the cool gas are T; and Ty», respectively, 

T; = KT, Ap; /Ape 
where K is a factor which should not vary greatly with 
temperature. The instrument is, in effect, a constant- 
pressure gas thermometer. 

The British Coal Utilization Research Association 
(B.C.U.R.A.) has developed a pneumatic pyrometer in 
which the orifices are replaced by Venturis (Fig. 10). 
This has two advantages: (1) The surfaces do not collect 
dust and ash as orifices do, and the calibration is not so 
much affected by any dust which does adhere. The pyrom- 
eter. therefore, can be used in dirty gases for consider- 
able periods without attention. (2) The value of the 
near-constant K does not vary appreciably with tem- 
perature or flow rate. 

The freedom from the effect of dust collection makes 
this pyrometer a practical industrial instrument. The 
constancy of K enables the pyrometer to be calibrated at 
room temperature. A small correction is necessary for 
the cooling of the gas in the short length of converging 
tube before the front Venturi throat. 

The pyrometer is of simple construction but the meas- 
urement is slightly complex. Three measurements are 
necessary. The temperature at the cold end must be multi- 
plied by the ratio of the pressure differences across the 
Venturis. An electrical method of making this calculation 
instantaneously is now being tested. Moore used the alter- 
nate method of keeping one pressure difference constant 
and correcting mechanically for small changes in the 
exit temperature. 

The advantages of this pyrometer are great speed, 
almost unlimited temperature range, simplicity, and ro- 
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Fig. 12. Traverses across a producer-gas-fired open 
hearth furnace using B.C.U.R.A. Venturi-pneumatic py 


rometer. 


bustness. At present, it is only in its experimental stag: 
and an accuracy of only 5% has been claimed. However: 
a large part of this uncertainty lies in the instrumentation 
which has not yet been taken beyond the stage of simpl: 
manometers to measure pressure differences. 

An example of its application has been given by Good 
ridge, Jackson and Thurlow'®. The Venturi-pneumati 
pyrometer was used to measure the temperature of bot! 
the preheated air and the waste gases in the uptake of : 
glass tank. A typical temperature record is shown in Fig 
11. The same instrument has been used to measure flam: 
temperatures in a producer-gas-fired open-hearth furnace 
The pyrometer recorded rapidly fluctuating temperatures 
shown in Fig. 12. 

It is, perhaps, too early to assess the full potentialitie- 
of this pyrometer. 


Conclusions 
Gas temperatures now can be measured with confi 
dence. Suction pyrometers are commercially availabk: 
which will give known accuracy and reasonable life. New 
methods of testing accuracy during operation enable the 
operator to rely on his readings. There is room for im 
provements in speed, simplicity and extended temperatur: 


range. 
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Fig. |. Main panel shows temperature recording con- 
rollers. 


Fig. 2. The entire length of the Continuous Gal- 


vanizing line can be controlled from this one point. 


Continuous Galvanizing 


ONES & LAUGHLIN Steel Corp. recently showed 
the press its new continuous hot-dip galvanizing line 
at its Pittsburgh Works. 

The $614-million installation which went into operation 
at the beginning of this year has a capacity of 7000 to 
4000 tons per month. 

Sheets from 14 to 30 ga. in width from 20” to 48” can 
be galvanized and coiled onto a reel, weighing some 6 
tons, with a maximum speed of 300/ft min. The process 
follows in general the Sendzimir patents controlled by 
\rmco Steel Corp. 

The picture of a scale model (Fig. 3) shows how the 
sheet moves on the 600-ft line. The following major units 
have instruments and controls: (1) A 20-ft oxidizing 
furnace, to remove lubricants and other combustible ma- 
terial; (2) a 104 ft reducing furnace where the strip is 
annealed; (3) a 224 ft cooling furnace (both these 
furnaces use dissociated anhydrous ammonia); (4) a 
flux-free molten zinc bath (coating unit) where wetting 
and bonding occur instantaneously; (5) dissociators, 
chemical treatment tanks and roll preheat pot. 

Temperature in all units is automatically recorded and 
controlled. Fig. 1 shows part of the main panel board, 
where 16 Leeds & Northrup temperature recording con- 
rollers are mounted. In the upper row (1. to r.) is shown 


one of the 6 cooling-section controllers (with thermo- 
couple actuation) ; the five other units control tempera- 
tures in the five zones of the reducing furnace. The meas- 
uring units are Rayotubes. In the bottom row (I. to r.) 
another recorder controller of the cooling furnace is 
followed by 5 excess-temperature recorders for the re- 
ducing furnace. Each of the excess-temperature recorders 
is equipped with an alarm. 

A checking recorder allows manual checking of each 
zone by a 16-point selector switch calling in the signals 
from thermocouples. The same arrangement also allows 
checking the temperatures in the cooling furnace over 
separate thermocouple circuits. 

Dissociators have temperature indicating controllers 
and an excess temperature indicating controller; chemical 
treatment tank has a temperature recording controller. 
and temperature in the Roll Preheat Pot (used to preheat 
the coating rolls) is also recorded and controlled. Actu- 
ation is from thermocouples; control throughout the 
plant is pneumatic. 

General Electric Company furnished all the drive and 
control equipment. An operator at a central location has 
the whole line under control (Fig. 2) and can instruct 
line personnel over a two-way intercom set. 


Fig. 3. A scale model of Jones & Laughlin Steel Corporation's new Continuous Galvanizing line. 





\ 


SHEET LEVELLER 


SN 


one aS 
[SHEET PRINTER] i (PRIME PILER JatNe 
‘\ 


PAY OFF REELS) 





Fig. |. Typical ballistic pendulum comprises shock 
receiving*“pendulum (right), shocking pendulum, and 
automatic release unit (left). 


ne Ar-2 
th: CORP. METUCHEN, N. J. 


Fig. 2. Close-up of ballistic pendulum, showing receiv. 
ing pendulum (3) engaging pneumatic-type shock re 
strainer (4); automatic release unit (5) for shock per 
dulum (2); scale (6) for setting release point; ani 
switch trigger (7) for releasing pendulum automaticall 


Accelerometer Calibration by 


Of the six basic methods for accelerometer calibration, the bal- 


listic pendulum provides vector (impact) test acceleration forces 
up to 500 g with the highest accuracy. Procedures, techniques, 
and variables are described for use of the ballistic pendu- 


ALVIN B. KAUFMAN 


Arnoux Corporation 


lum, including details of calibration check and _ recording. 


IBRATION is an important industrial condition. 
Control of some industrial machinery depends on 
the level of allowable vibration in process equip- 


ment: in other installations it is essential to determine the 
level of vibration to improve structure design or to pre- 


Fig. 3. Pulse-time characteristic of AT-2 ballistic 
pendulum. Pulse has duration of about | ms. 


Page 1322—Jnstruments & Automation—Vol. 29 


vent structural failure, as in aircraft or missiles. For these 
applications the calibration of the measurement acceler»- 
meter at the low-level g forces available with an electr- 
dynamic shaker may be insufficient. In order to exceed 
the 30-55 maximum g calibration acceleration availab'e 
with the electrodynamic shaker, it is necessary to emplcy 
the ballistic pendulum. 

A review of accelerometer calibration equipment, i:- 
cluding equipment limitations, is essential in determining 
when the ballistic pendulum should be used. 


Methods of Calibrating Accelerometers 


The six methods of accelerometer calibration’ a ¢ 
(1) centrifuge, (2) electrodynamic shaker, (3) resona 
beam, (4) piezoelectric shaker, (5) oscillatory pendulu : 
and (6) ballistic pendulum. 

Centrifuges are in general use for the calibration 
accelerometers indicating steady-state acceleration. Ho: 
ever, where dynamic calibration is required or where t! e 
accelerometer is of the velocity or self-generating cryst il 
type, a vibratory force must be used for calibration. 
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Fig. 4. Vendor-supplied calibration curves show peak 
acceleration vs horizontal displacement for various ex- 
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ternal weights hung on the receiving pendulum. Linearity 
is shown in terms of volts vs g (zero-to-peak amplitudes). 


Ballistic Pendulum 


Electrodynamic shakers are in general use for dynamic 
iccelerometer calibration; these supply a sinusoidal forc- 
ng function. While this is desirable, unfortunately this 
‘loss of shaker does not produce high g forces. Present 
limitations are 30-55 g over a frequency range of 20-5000 


cps. 


Resonant beams excited by an electrodynamic shaker 
‘an be employed to secure forces up to several thousand 
x's at discrete selected frequencies*. In general, low fre- 
juencies must be employed to prevent improper mode of 
scillation and to obtain reasonable beam size. This 
nethod of dynamic calibration is limited by the accuracy 
f the measurement of beam-movement amplitude. Trans- 
erse or angular beam-developed g force (as related to 
he transverse/angular sensitivity of the accelerometer 
inder calibration) is one important parameter. 

The reciprocity method of calibration at high g forces 
nvolves numerous parameters, some difficult to evaluate, 
ind is not in general use because of limitations in ac- 
‘uracy and available techniques®. Moreover, it is ap- 
jlicable only to certain classes of tranducers. 

Piezoelectric shakers are usable up to high frequencies, 
ut again are limited to approximately 50 g maximum 
icceleration force. 

Oscillatory pendulums (also known as “free swing- 
ng’) have been discussed in the literature for the cali- 
ration of angular and linear accelerometers*. These 
endulums, however, produce low accelerations and offer 
ittle over other conventional calibration methods. 

Ballistic pendulums secure high acceleration forces in 


the range of 10 to 500 g. A moving pendulum mass is 
used to strike another pendulum and impart its energy 
thereto. This results in a transient shock pulse. Typical 
of commercial equipment is the Model AT-2 unit of the 
Gulton Manufacturing Company, shown in Figs. 1 and 2. 


Features of the Ballistic Pendulum 

The Ballistic Pendulum offers a high g acceleration 
calibration capable of reasonable accuracy with a mini- 
mum of critical test parameters®. For the purpose of 
illustration, the Gulton AT-2 pendulum, with which the 
author has had experience, will be used to indicate the 
procedures, methods, and parameters in calibration work. 

The AT-2 produces approximately a_half-sine-wave, 
clean shock pulse of one-millisecond duration, as seen 
in Fig. 3. Thus the pulse effectively has a frequency of 
500 cps, and a repetition rate controlled by the speed at 
which the shocking pendulum is raised and released. The 
rep rate is low, but because of the method of calibration 
this is inconsequential. 

Test loads up to 15 pounds may be used without intro- 
ducing calibration error, if the proper calibration curve 
is used. Fig. 4 shows the calibration curves (peak acceler- 
ation vs horizontal displacement) for various external 
weights attached to the receiving pendulum. 

The AT-2 contains a built-in standard calibration ac- 
celerometer to supplement the vendor-furnished opera- 
tional calibration curve, which has a specified accuracy 
of +10%. 
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Fig. 5. Typical calibration of a Glennite A501CM 
accelerometer with a ballistic pendulum. A Calidyne 
6CT shaker was used to secure calibration points in the 
low g range. The vector secured accelerometer output 
(with pendulum calibration) has been converted to rms 
voltage to agree with the method used for shaker cali- 
bration. 


Operating the Pendulum 


Pendulum operation can be manual or automatic. 
According to the desired g-force range, spring number 
one or two is fastened to the impact face of the shock 
receiving pendulum (element no. 3 in Fig. 2). This is 
determined from the pendulum calibration curves. These 
same curves indicate in inches how high the shock pen- 
dulum must be raised and released to produce the desired 
impact acceleration in the receiver pendulum. The shock- 
ing pendulum can be raised and released manually or 
automatically. For automatic operation an electric trip 
switch is positioned along the scale and an electric motor 
raises and releases the shocking pendulum. 


Pendulum Calibration 


Calibration of the ballistic pendulum, to secure greater 
accuracy or to verify the vendor-supplied curves, can be 
accomplished by several methods. Utilizing the vendor- 
supplied internal accelerometer curve, its output (g,/E,) * 
may be compared with the g vs pendulum displacement 
curve. However, this method is not completely indepen- 
dent and, in the writer’s opinion, should be supplemented 
by the following method. 

An accelerometer with a natural frequency of at least 
5 ke should be calibrated on a centrifuge, an electro- 
dynamic shaker or a crystal shaker with the best avail- 
able technique. Unfortunately, accelerometers with this 
high a natural frequency are usually of the vibratory 
type (i.e., barium titanate), not capable of precise cali- 
bration on a centrifuge. Absolute g-force accelerometers 
have comparatively low natural frequency (f,) as com- 


pared with vibratory or crystal accelerometers. Therefore, 


a shaker must be used. As calibration with such a device 
is limited to about 50 g, the curve must be extrapolated, 
and extreme care in calibration must be used to secure 
reliable results. An extrapolated curve is shown in Fig. 
5; note that it should go through the X-Y axis origin. 
This calibrated accelerometer is then installed and 
used as if it were an accelerometer “to be calibrated” 
and its volts/g output correlated against the vendor 
curves. Certain corrections must be made to this accelero- 
meter calibration curve to make it applicable to the 
ballistic pendulum. These corrections are associated with 
four parameters: (1) shock frequency of the pendulum, 
(2\)natural frequency (f,) and damping factor (h) of 


*g, means peak g force; E, means peak emf output. 


Page 1324—Jnstruments & Automation—Vol. 29 








accelerometer, and (4) recording medium. 


Effect of Natural Frequency on Calibration 


The shock frequency of the pendulum is approxi- 
mately 500 cps. Certain considerations indicate that only 
accelerometers with a much higher f, than the shock 
frequency of the pendulum can be calibrated thereon. 
This is because a seismic-type vibration pickup responds 
as an accelerometer in the region well below its naturé| 
frequency, as a velocity indicator near its natural fri. 
quency, and as a displacement indicator in the regio. 
well above its natural frequency*. All of these terms ai» 
relative, and an instrument specified for one of these use 
often has useful applications under other labels. Howeve: 
the accelerometer to be calibrated, if it is to behave lik 
an accelerometer, must have a higher natural frequenc 
than the pendulum shock frequency. 


Removing the Ringing Oscillation 


The second parameter is that a “shocked” or transien 
excited accelerometer will “ring,” or oscillate, at its ow 
resonant frequency’. This means that if the output of th 
accelerometer undergoing test is observed, a multitude o 
waveforms will be seen at time of shock. These waveform 
will consist of the basic 500-cps ballistic impulse com 
bined with the “ringing” output of the acceleromete: 
This is shown at the left in Fig. 6. The extent of th 
“ringing” is, of course, a function of the acceleromete 
damping. However, to allow observation and recordin 
of the pendulum-induced shock only, the acceleromete 
output voltage must be fed through a low-pass filter to th: 
recording or calibration-indicating device. Fig. 6 indicate: 
the effect of such filters on the calibration pattern. Wit! 
oscillograph recording the low-pass filter may not b 
required, as discussed later. 


Effect of Accelerometer Damping on Calibration 


The damping of the accelerometer may be an import: 
ant factor in another way. With a sinusoidal forcing func 
tion well below the f, of the acceierometer, unity signal 
output is produced regardless of the damping of the ac 
celerometer.However, as shown by Fig. 7, if the forcing 
function is a transient, great over-shoot of accelerometer 
output may occur with low values of h. Normally the bal- 
listic pendulum is considered to produce a sinusoidal 
shock pulse. However, it can be seen that if it produces « 
quasi-transient function, correction of the acceleromete: 
output signal level is required—if it has low h and/or i- 
to be used for measuring sinusoidal vibration. The meas- 
urement of accelerometer damping factor (h) is dis 
cussed in reference 5. 

If the accelerometer is to be used for measurement © 
“shock,” such as in ballistic missiles, it can be seen that 
the ballistic pendulum is superior to shaker calibration a: 
it subjects the accelerometer to the same conditions a- 
generally encountered in operational use. In this instanc 
the h of the accelerometer is not a calibration paramete: 


Effect of Filter on Calibration 


It is necessary, as indicated, that the acceleromete 
output be fed through a low-pass filter. The filter affect. 
the calibration in three ways, depending on: (1) th: 
selected cutoff frequency, (2) the degree of cutoff slop: 
and attenuation. and (3) the insertion loss of the filter. 

The filter roll-off frequency must be selected to star 
cut-off well above the nominal pendulum frequency. ani 







the accelerometer, (3) operational configuration of the 
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Fig. 6. Low-pass filter can remove high-frequency 
ringing" oscillations due to natural frequency of the 


ell below the accelerometer f,. At the filter cutoff fre- 
juency, standard practice specifies that the signal be 
iown 6 db (voltage-wise) ; and, as a flat response should 
e maintained to at least 600 cps, the filter roll off should 
ie specified for at least 1,000 cps. The vendor of the AT-2 
upplies a 2-ke filter, but other values may be secured on 
equest, : 

The degree of filter attenuation per octave should be 
specified as Gaussian, or that value at which the filter 
tself will not ring with application of a transient signal. 
[he total required attenuation of the filter is subject to 
everal variables (e.g., f, and h of accelerometer) but 
10 to 60 db is usually satisfactory. 

The insertion loss of the filter is a very important para- 
neter. The recorded accelerometer signal does not repre- 
ent its actual output voltage—with one exception: If the 
alibration test filter is identical to and also used in the 
)perating circuit configuration no correction factor need 
employed. However, in most operational uses the 
iccelerometer output is recorded directly without a filter. 
he filter is required in testing of airframes, etc., only 
f (1) the recording equipment goes up to the accelero- 
neter f, range or (2) transient rather than forcing vib- 
‘ation is encountered. 

Filter impedance is another factor. In using a low- 
ass filter, it is generally necessary that the input and out- 
yut loads approximate the filter impedance. Design of the 
specific filter modifies this rule and variations are en- 
‘ountered. Also, the input and load impedances may be 
aried at will, provided that filter attenuation and roll-off 
‘requency changes are acceptable. Gulton specifies that the 
2-ke filter supplied with the AT-2 ballistic pendulum work 
‘rom a signal source less than 125 ohms and into a load of 
ipproximately 31,000 ohms. However, the output wave 
orm (of a Glennite A501CM accelerometer) in which the 
‘ource impedance (cathode-follower output) was 500 
hms, and the filter load was maintained as specified, 
showed no detrimental effects. High-impedance acceler- 
meters should be operated through their associated am- 
lifiers or the test unit supplied with the AT-2. If the test 
implifiers are used, further correlation must be made by 
letermining amplifier-filter gain so as to make correction 
o secure the actual accelerometer output. 

Assuming the filter has no “a-c” losses in its bandpass 
requency range, the filter insertion loss can be calculated 
s the percentage ratio of load resistance to the resistance 
neasured at the input to the filter. It is desirable to 
ntroduce a 500-cps signal into the filter and measure its 
oaded output signal if highly accurate information is 
equired. Note that the addition of the filter to the 
iccelerometer can, by a loading action, lower its output 
ind cause the data secured to be inaccurate. In general, 
he input impedance of the filter should exceed ten times 
he output impedance of the accelerometer amplifier. 


FILTER 2K¢ 


shock-excited accelerometer, passing only the impulse 
due to the ballistic shock. 


Low-frequency Response of Equipment 


An additional requirement is that the measurement 
equipment must have good low-frequency response; 
otherwise the measured accelerometer output under bal- 
listic shock will be lower than actually exists, For this 
reason, the low-frequency response of oscilloscope, ac- 
celerometers with internal amplifier, cathode-follower 
amplifiers, etc., must be examined closely. 

A shock pulse 1-millisecond long, when integrated, 
results in.a step which rises to a peak in one millisecond. 
In order to record accurately the height of this step, it is 
necessary to have circuitry in which there is no appreci- 
able loss in amplitude over that time. It is readily shown 
that a first-order system, such as a capacitor delivering 
its output into a resistive load, loses a fraction of the step 
amplitude equal to the ratio of the length of a square 
pulse to the time constant of the system. On the assump- 
tion that a loss of amplitude of 2% is allowed, the time 
constant must be fifty times the pulse length or. in the 
present case, 50 milliseconds. The corresponding fre- 
quency response is readily computed (the system is 3 db 
down at 3 cps). For a triangular pulse, the requirement 
is half as stringent, so that 3-db response down to 6 cps 
is required, The half-sine pulse is intermediate between 
these cases. 

It should be possible to get agreement within 10%, 
or perhaps better, between shock and sinusoidal calibra- 
tions of a good piezoelectric accelerometer under condi- 
tions where the frequency-response requirements are 
met and the cathode follower is not overloaded’. 


Recording Factors 


The actual method of calibration should be coordinated 
with the field use of the accelerometer—that is, whether 
the voltage output is to be used with an oscilloscope or 
tape recorder, or whether its output current is to be re- 
corded on an oscillograph. 

Where the accelerometer output voltage is to be re- 
corded, a Polaroid camera/oscilloscope method can be 
employed. The accelerometer is mounted on the shock 
receiving pendulum, and supplied with excitation power 
as required. Assuming a combination accelerometer- 
amplifier-cathode follower unit (such as the Glennite 
A500 series), plate-filament voltages are applied. The 
output is connected to the low-pass filter and its output 
to the oscilloscope. The scope gain and sweep are adjusted 
so that satisfactory amplitude and pulse widths are ob- 
served with operation of the pendulum at a selected g 
force. The scope gain is then slightly adjusted, as re- 
quired, so that the Y axis divisions represent known volt- 
ages. As internal scope calibrators have, for this use, 
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Fig. 7. Effect of accelerometer damping (h) on over- 
shoot caused by transient shock excitation. Y is ampli- 
tude of applied step-function; X is overshoot; ratio of 
X/Y is plotted against h. 


poor accuracy (generally 5 to 10%), external calibrating 
equipment is preferable. The calibration should be veri- 
fied by a 1% meter and a-c signal. 

Note that the pendulum produces a single amplitude 
(SA* or vector) g-force pulse. The resultant scope pulse 
is also peak or SA. The scope calibrator, although putting 
out a peak-to-peak signal, allows proper calibration with- 
out a correction factor if one end of the pattern is refer- 
enced to the scope zero base line. 

The scope-camera must be synchronized with the im- 
pact-produced signal. Several methods can be used. The 
camera shutter can be opened just prior to impact, by 
visual observation, and closed immediately thereafter. 
Alternately, the scope sweep can be triggered by (1) the 
oscilloscope internal amplifier and leading edge of shock 
pulse, (2) the external pendulum-operated switch, or 
(3) manually. 


Interpreting the Record 


Intrepretation of the film record involves several para- 
meters. The resultant scope pattern represents a peak 
(SA or vector) voltage and g force. These must be chang- 
ed to peak-to-peak volts and double-amplitude (DA) g 
by multiplying the known g force and the photographic 
record voltage by a factor of two. Next, the voltage figures 
must be corrected for the insertion loss of the filter. If 
the filter has a 6-db (50%) insertion loss, the voltage 
figures are again multiplied by two. These DA g forces 
and peak-to-peak volts cari then be reduced to rms 
values or to other forms as required. 

An additional parameter that must be considered 
carefully is the response of the oscilloscope to transient 
waveforms. In many oscilloscopes overshoot of 4 to 10% 
is common. The pendulum-produced accelerometer signal 
can be considered quasi-transient, and thus some correc- 
tion for trace overshoot may be required. It is advisable 
to consult the scope manual for oscilloscope performance 
in regard to this parameter. Square-wave techniques 
to observe overshoot can be employed to advantage 
provided that the test frequency used is high enough not 
to confuse overshoot with low-frequency roll-off. 

The accelerometer calibration data can then be used to 


* Peak-to-peak amplitude of a sinusoidal signal is referred 
to as a double-amplitude (DA) signal. The vector repre- 
senting the signal would have half of this amplitude and 
is therefore referred to as single-amplitude (SA) or vector 
amplitude. 
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calibrate the recording equipment. The peak-to-peak volt. 
ages or their rms equivalents are then supplied into the 
operational tape recorder from a signal generator in 
order to correlate the recorder characteristics, and to 
determine system output (volts/g). These voltages are 
applied at selected frequencies to secure a family cof 
curves to indicate both voltage and frequency linearity «f 
the recording equipment. A system calibration of volis 
vs g’s may then be plotted. Fig. 8 shows these operatior s 
for the oscillograph system. 

Subsequent test data voltages can then be reduce 
directly to g values, record frequency noted, and g vali 
corrected for frequency response as required. 


Use of Oscillograph 


Where the accelerometer output current is to be use | 
(e.g., cathode follower assembly) it is preferable 
record directly into the galvanometer and oscillograph | | 
be used operationally. It must be remembered that tl 
data thus obtained represent vector g’s and inches. Bot | 
must be doubled for a calibration plot of DA g and peal 
to-peak inches of deflection. 

In the use of an oscillograph it is important that certai 
parameters be recognized. Galvanometer sensitivity wi 
vary from unit to unit, with changes of block magnet 
structures and their loading with dummies or other ga 
vanometers. These parameters can produce up to 20‘ 
variation in sensitivity. 

The use of a low-pass filter is not always essential whe 
recording into a galvanometer. If the galvanometer (suc 
as C.E.C. 7-323) has an f, of 1000 eps and its h is 0.64. 
it has a flat frequency response up to approximately 60\) 
eps. This allows recording of the shock-induced frequenc 
and voltage output of the accelerometer, while effective] 
attenuating the higher frequency “ringing” output® o| 
the accelerometer. Thus the galvanometer acts effectivel 
as the low-pass filter required with voltage calibrations. 

However, if it happens that the f, of the accelerometer is 
close to the galvanometer f,, or if the “ringing” output 
is high in amplitude, sufficient attenuation may not exis 
to eliminate the need for the low-pass filter. 

Another important parameter that cannot be ove) 
looked is that a galvanometer with 0.64 damping pro- 
duces a 4 to 10% overshoot when excited by a step (or 
transient) function, as shown in Fig. 7. As the accelero- 
meter signal using a ballistic pendulum is quasi-transien', 
the pendulum calibration recordings may indicate « 
sensitivity or calibration curve somewhat higher tha 
that indicated by sinusoidal electrodynamic calibration. 
If operational use is with sinusoidal vibration rather than 
transient shock, it will be necessary to make a correction 
to operational recorded data. 


Oscillograph Calibration Techniques 


Specific accelerometer oscillograph calibration tech- 
nique is as follows: The accelerometer output is cor 
nected into a galvanometer. Proper circuit configuratio:: 
should be used so that proper galvanometer damping re- 
sistance is secured. The galvanometer flat frequenc 
response should extend to at least 500 cps, but not an 
higher above this than necessary. The accelerometer | 
then shocked at desired g accelerations, and recording 
are taken, as in Fig. 9. The recordings are then reduce 
to peak g’s and peak inches. Multiply by two to secur: 
DA g’s and peak-to-peak inches, tabulate, and grap 
(Fig. 8a). 

This is all that is required to secure satisfactory re 
cordings. A recording speed of approximately 214 inche 
per second is satisfactory. Maximum galvanometer lamp 








parts 
calib 
ator 

volta 
recol 
of d 
grap. 
vs § 
appli 
plot 

inehe 
Th 
duluy 
outli 
cases 





Fig. 8. System output (volts/g) 
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curve is obtained by correlating 
the accelerometer curve (oscillo- 
graph deflection vs 9) and the 
oscillograph curve (deflection vs 
volts). System frequency response 
also should be known. 


2 


tG’s 


REDUCED & CORRECTED 
OSC/LLOGRAPH DATA 


| 
| 
| 
| 
L 





/ 2 F 
ARMS VoLys 
(INTO OsC/LL OG RAPH) 





@2V RMS 
500 CPS SIGs (00% 











2 


RMS VOLTS 
(SYSTEM CALIB. VOLTS) 





J <00 400 600 


CPSs 
(SYSTEM FREQ RESPONSE) 








\oltage is required regardless of the recording medium, 
ith the typical oscillograph. Fig. 9 indicates a typical 
ecording (slightly retouched) made with a Consolidated 
vscillograph, 7-323 galvanometer, and 1127 paper. Ortho- 
an film gives comparable results, with somewhat greater 
‘esolution of trace. Timing lines are generally not used 
to prevent loss of the light-density recording trace at 
ine peak of the signal. 

If the accelerometer uses an external cathode-follower 
amplifier, low-pass filter, or galvanometer in which either 
. different circuit configuration or similar but different 
parts are to be employed at a test facility, an additional 
calibration step is necessary: In this case a signal gener- 
ator is substituted for the accelerometer and selected rms 
\oltage applied at discrete frequencies. This additional 
record is reduced and plotted as rms volts vs p-p inches 
of deflection (Fig. 8b). Correlation between the two 
graphs now allows a new curve to be plotted—rms volts 
vs g (Fig. 8c). The rms volts from this curve are then 
applied to the operational recording system and a new 
plot made, from reduced records, of system’s g vs p-p 
inches. 

The above noted parameters apply to_ballistic-pen- 
dulum calibrations. However, the procedures and methods 
outlined can vary with calibration components, In all 
cases, however, it is necessary to maintain or reproduce 
all test parameters to operational parameters in order to 
secure accurate calibration. Factors of importance are: 
galvanometer damping, consistent loading, frequency 
response, uniform component characteristics, etc. 

It is advisable to substantiate the ballistic-pendulum 
cilibration by support calibration with other independ- 
ent equipment. Note on Fig. 5 that three shaker calibra- 
ton points were secured in the lower range to verify the 
| P calibration points. 

Many variations in calibration technique can be em- 
ioyed, but if the test parameters outlined are followed, 
s itisfactory calibrations can be secured. 

Accelerometer calibration accuracy of +5 to 10% 

in be secured reliably. System calibration, data reduc- 
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Fig. 9. Typical oscillograph calibration of an accel- 
erometer incorporating an internal cathode follower. 


tion errors, etc.. can allow a responsible engineer to 
quote over-all operationally reduced data as_ having 
maximum errors of +10 to 15%. These figures in gener- 
al are pessimistic, nominal error being +8%. 
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Process Data— 


Digital or Graphic? 


vent: of man upon our planet. However, it was 

only about two generations ago when engineers 
got in the habit of presenting data in the form of graphs. 
The obvious value of these graphs in predicting trends 
motivated engineers to develop instruments for auto- 
matically recording such trends. 

Quite separately and for entirely different reasons, 
LeClair of Commonwealth Edison Company (Chicago) in 
1938* hooked up a typewriter with solenoid actuators 
for the keys, to print out in rows and columns the values 
of energy distribution throughout the utility system. 
He thus obtained statistical data for purposes of com- 
parison rather than for determining the trend of single 
variables, This seems to have been the forerunner of the 
present-day automatic logger. 


D IGLEAL RECORDING was coincident with the ad- 


Digital vs Graphic Display 

It seems almost axiomatic to the instrument designer 
that there is no value in presenting rapidly moving vari- 
ables on an indicator designed for digital readout. How- 
ever. if the pointer on a circular dial indicator is moving, 
we can quickly grasp the significance of velocity or ac- 
celeration of the pointer tip. The human mind is quite well 
fitted to respond to analog data with amazing alacrity 
and precision, as exemplified in fast moving games such 
as ping-pong. Yet digital information is absorbed at a 
very slow rate indeed, averaging not much better than 
four information units or. bits per second. 

Nor is it likely to be disputed that slow moving data 
requiring a multiplicity of analog dials, such as displayed 
on domestic electric or gas meters, are more easily and 


more accurately read if presented in digital form on a - 


drum-type counter. Likewise, recent developments in 
electronic measuring instruments find value in presenting 
measurements in digital form, especially when more than 
three significant figures are obtainable. 

From this it becomes apparent that data become 
meaningful only when arranged in an orderly manner. 
In either indicated or recorded form random digital data 
bring utter confusion, and until we can visualize their re- 
lationship to some reference, we cannot even attempt to 
remember them. Likewise, it is seen that analog infor- 
mation, when presented on a group of dials with indica- 


*U, Si Patent 2.313.752 


poe s from a talk presented at Recorder- Controller Section Meet- 
ings, SAMA, Hershey, Pa., May 8, 56. 
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Fischer & Porter Company 


tors pointing off in all directions, is confusing since eac! 
has its own reference point and each scale has a differen 
digital value. 

Don’t we then come down to the fundamental basis fo 
evaluating the two methods; namely, recorded analo, 
data best represent the wanderings of a single variabl 
with respect to another, usually time, in which case it fur 
nishes us a time sequence of events, and the digital pres 
entation is best adapted to furnish us parallel informatior 
measured simultaneously. Since the purpose of such infor 
mation is comparison, digital data must be orderly ar 
ranged in rows and columns, the rows usually being tim: 
values and the columns the independent variables. 


Reliability 

Much has been said pro and con concerning the rela 
tive reliability of graphic and digital recorders. I thin! 
this can be resolved on the basis that the logger reliabil 
ity may be stated in terms of the sum of its component 
whereas the graphic recorder is more likely to be as reli 
able as its one worst component, not the sum of all. Thi- 
undoubtedly gives the graphic recorder the edge, bu 
from a practical standpoint, when loggers are built wit! 
reliable telephone-type stepping switches and relays con 
servatively applied and with proper attention given t 
spark suppression, life expectancy for major component- 
should be well over ten years. Temperature loggers ar 
in use in the Atomic Energy Plant at Hanford readin; 
out three temperatures per second, and have to date a 
cumulated between 30,000,000 and 40,000,000 reading 
without replacement of a major component. 

It would seem that the weakest link in the whole sys 
tem is in the least expected source of trouble, the type 
writers. They seem to show all of the vagaries of type 
writers operated by human hands (heavy hands at that 
such as keys jamming, carriage return failure, etc. Bi 
we have learned that much of this can be eliminated b 
paying careful attention to controlling the time sequen 
of the solenoid operators and by building into thos 
solenoids some of the delicate touch of the graceful femai ‘ 


hand. 


Management's Viewpoint 


The basic requirements of a good data system are t¢ 
(1) Measure. (2) Store information. (3) Provide bas + 
for analysis. (4) Provide basis for decision. 
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Obviously the graphic recorder measures and stores in- 
formation. The digital recorder does these and further 
presents the data on a comparative basis at fixed time 
intervals with much of the data reduced to usable form 
by integration, averaging, or mathematical compensa- 
tion, thus furnishing the basis for analysis and decision. 

In addition to performing these functions, experience 
ty date in the use of process data loggers shows the fol- 
lowing advantages: 

A. Direct Advantages 

1. Some labor saving in logging 

2. Reduced investment in control room size and equipment 

3. Cost data in a form suitable for business machine input 

4. Technical calculations made automatically for use as oper- 
ating guides 

B. Potential Advantages 

|. Possible increased yield (by data analysis) 

2. Data quickly available for Management decisions 

C. Intangible Advantages 

|. Human errors are eliminated 

2. Operator free from routine functions and available for 
more useful functions 

3. Sequential records during emergencies are obtainable 

4. All points logged simultaneously (nearly) 

5. More technical data available by short time of logging for 
process characteristics. 

Offsetting these advantages is the relatively high incre- 
riental cost of adding an automatic data logger on top 
f an existing or complete system of conventional instru- 
mentation. While the cost of a logger ranges from $15 
t» $300.per point, plus a relatively fixed amount for the 
‘entral equipment common to all points, potential savings 
ii the over-all cost of instrumenting a process may be 
iealized by dividing the total information input between 
tne data logger and the conventional instruments on the 
|asis of their respective merits. Additional operating ex- 
perience with existing installations will rapidly bring 
tie cost picture into clearer focus, with additional favor- 


able changes in cost to be expected from standardiza- 
tion of components and other improvements in design. 


The Future 


It seems safe to say that the digital logger will be 
limited to use in centralized control points and, therefore, 
will never be competitive with field-mounted graphic re- 
corders, nor is it likely to be competitive with central 
panels containing fewer than 30 records. Beyond that 
point it is likely to reduce the use of graphic recorders on 
large panels by 20% to 40%, depending somewhat upon 
our ability to develop additional computer memory tech- 
niques which so far have not been thus applied. 

That the automatic digital data logger is an accepted 
and growing development in the field of instrumentation 
is no longer to be questioned—the big question now be- 
ing how soon and how big. A recent conservative estimate 
by M. W. Kellogg Company stated that this infant in- 
dustry, with little more than a year of successful opera- 
tion to point to, will expand its sales in the “petroleum 
and petrochemical industries by 1960 to $8,000,000 of 
data loggers, compared to $21,000,000 for graphic re- 
corders (assuming no displacement by automatic data 
loggers) ; and by 1965, $18,000,000 of digital loggers to 
$29,000,000 for graphic recorders.” They further state 
“that future developments and integration of digital log- 
ging systems with computers will probably make these 
figures conservative. For example, the day of the fully 
automatic ammonia plant is not very far in the future.” 
Thus we may expect the digital data logger to supplement 
the graphic recorder and extend the field of instrumenta- 
tion to achieve not only the fully automated process, but 
also to become an essential tool of Management, furnish- 
ing yield and material balances, inventory and cost data 
essential to optimum operating efficiency. 


Timing Marker Generator 


LOREN E. BOLLINGER* 


quires instrument readings from which the thrust, 
fuel and oxidizer flow rate, coolant flow rate, 
t'mperatures, chamber pressure, various control pres- 
siires, etc., can be derived. These data can be recorded 
b. chart-type recorders, oscillographs, cameras, etc. All 
rcorded information should be correlated by common 
ti ne markers. 
Standard timing signals can be obtained from tuning- 
frk circuits, crystal oscillators, line-frequency timers, 
c rrelation with WWV transmissions !**, and other 


CC research and development re- 


‘Research Associate, Rocket Laboratory and the Department of 
A ronautical Engineering, The Ohio State University, Columbus, 
4) iio, 

This work was sponsored in part by the Wright Air Develop- 
nent Center, U. S. Air Force under contract with The Ohio State 
L jiversity Research Foundation. 


sources. Experiments wherein transient signals are of in- 
terest require time-signal pulses separated by a milli- 
second or less. However, there are many tests where 1- 
second time signals are sufficient. The timing-signal gen- 
erator described is of the latter type. 

Specifically, the timer was used during evaluation tests 
of rocket-engine propellants; the duration of the rocket 
firings was of the order of one minute; approximately 
one-third of the run time was required to attain equili- 
brium of propellant flows, coolant temperature, chamber 
pressure, thrust, etc. Common time signals were trans- 
mitted to all recording instruments; signal pulses from 
the generator actuated small solenoid pens located on each 
of the pen-type recorders, thus placing time marks on the 
charts. A 35-mm movie camera photographed the instru- 
ments on the data panel; a flashing signal lamp on this 
panel showed up as a black dot on each film frame. 
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Fig. |. Basic 1-second timing signals are 
obtained by milling 60 slots around disc 
that is rotated by |-rpm synchronous mo- 
tor. Slots permit light to fall on photocell in 
tube shown at lower left of chassis. — 
fifth slot is double width, and every tent 
triple width, to give the coded pattern of 
signals shown in Fig. 2. Center lines of slots 
are 6° apart. 


Pulse Generator 


The variable-pulse-width generator produces one pulse 
every second, with every 5-second and 10-second pulse 
coded by having longer durations. The timing device 
(Fig. 1) is composed of a metal disc, slotted along the 
periphery, and driven at a predetermined speed by a syn- 
chronous motor. The disc is interposed between a source 
of light and a photocell; appropriate slit systems were 
used on both the light source and on the tube to sharply 
define the beam of light. 

Fig. 1 shows the disc configuration: sixty slots were 
uniformly milled along the periphery of a 10-inch alumi- 
num disc. Each fifth slot was milled double width and 
every tenth slot had triple-width dimensions. This slot 
combination together with a one-revolution-per-minute 
electric motor gave rise to the output signal pattern shown 
in Fig. 2. It is seen that a large number of output signal 


variations can be secured by using various combinations 


of synchronous motor speeds and milled slots. 


Electronic Timing Circuit 


A schematic diagram of the electronic circuit used is 
shown in Fig. 3. A gas-filled CE-22-D phototube (similar 
to an RMA type 1P41 tube) was used as the light de- 
tector. Triggering of the normally non-conducting 2D21 
thyratron tube by the output of the phototube occurred 
each time that a slot in the rotating disc became aligned 
between the slits of the phototube and exciter lamp hous- 
ing. 

An a-c voltage divider is used to supply power to the 
CE-22-D phototube and to the 2D21 thyratron. The use 
of a-c voltage obviates the need for plate current inter- 
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Fig. 3. Phototube-controlled thyratron circuit for ener 
gizing solenoid-operated time-marker pens. Thyratro 
fires when light falls on photocell. Capacitor across re 
lay prevents it from opening when plate voltage swing 
negative on negative a-c cycle. Solenoid closes relay i 
24-volt line to pens or lamps for making the timing signa! 


ruption of the thyratron because the grid recovers contro! 
each time the plate voltage goes negative. When light no 
longer reaches the phototube, the thyratron grid regains 
control during the next half-cycle of the plate-voltage sup- 
ply; grid recovery causes the plate relays to be de- 
energized. Thyratron grid sensitivity was made adjustable 
through the use of a 1,000-ohm potentiometer in the voll- 
age divider network. In practice, the sensitivity control 
was advanced until the thyratron tube fired consistent! 
with the passage of each slot in the rotating disc, but be- 
low the point at which the tube fired continuously or 
erratically. 

The output signal from the phototube drives the grid of 
the thyratron above the critical firing level and, as the 
grid voltage is in phase with the plate voltage, firing takes 
place. Thyratron conduction energizes a relay in tl 
anode circuit, which in turn actuates the various solenoi 
pens and signal lamps. 

The selector switch in the anode circuit of the thyratro 
provides either automatic or manual starting of tin 
signal transmission. When on automatic, for exampl: 
the timing would start when the ignitor or oxidizer val\- 
switch (for rocket propellants) was closed. 
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CAPACITY- BALANCING 


ELIMINATES 
SLIDEWIRE 
MAINTENANCE 


There’s no need to put up with worn slide- 
wires and sticking electrical contacts . . . no 
need to periodically clean and lubricate bal- 
ancing motors. DYNALOG design eliminates 
ail this! Its simple variable capacitor and 
positive magnetic drive provide continuous, 
sepless balancing . . . never require attention! 

DYNALOG’s friction-free action provides 
h gh speed of response without wear. (THere 


a-e only five moving parts, including the 
* Reg. U.S. Pat. Off. 


recording pen!) Sensitivity, unlimited by 
turns of slidewire winding, is 1/100 of 1% 
And accuracy is a sustained 1/4 of 1% 

DYNALOG Instruments are available for 
use with resistance, voltage, capacity, or in- 
ductive type primary elements to measure 
and/or control any process variable . . . with 
unmatched smoothness. Write for Bulletin 
427. The Foxboro Company, 467 Neponset 
Avenue, Foxboro, Mass., U.S.A. 
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For our Readers and our Advertisers 


JIBIG ISSUES 


PREVIEW TWO MAJOR EVENTS 
ON THE INSTRUMENT-CONTROL 
ENGINEER’S CALENDAR 


INSTRUMENTS & AUTOMATION subscribers, accustomed to I&A's top-flight news coverage, will 
find more of the same in the ''New Products on Display" features of both of these 
special issues. Edited for really busy readers, reviews will describe each NEW product 
or development precisely, telling exactly what it is, what it does, and where it can 
be used. 


This kind of concise show-news coverage also benefits INSTRUMENTS & AUTOMATION 
advertisers: 

@ Special show features heighten reader interest among I&A subscribers—who com- 
prise the prime attendance for both shows, as well as the prime audience for 
instrument-control advertising. 

@ Each of these pre-show issues is timed to be received by subscribers one month 
before the shows open. . . enabling exhibiting advertisers to include in their ads 
an invitation to attend their exhibits. 





@ Non-exhibitors use the pre-show issues as their “‘exhibit-in-print,"" where they can 
display their products via advertising to this same interested audience, and to an 
additional 5,000 non-subscribers who wiil receive copies of each of these special 


issues AT THE SHOWS. 


For each of these issues, I&A's regular distribution wili be supplemented by 5,000 extra distribution at 
the shows, at NO increase in space rates. 


INSTRUMENTS 


and 845 RIDGE AVENUE 
AUTOMATION PITTSBURGH 12, PA. 





Maintenance engineering 


You can arrange to have a Honeywell service enyi- 
neer visit your plant at regular intervals to inspect, 
clean, and adjust your instruments and controls. He’s 
factory-trained and field-experienced in keeping god 
instruments in top operating condition. If an emer- 
gency should arise, a phone call will bring a Honev- 
well service engineer to your plant in a hurry. 


Spare parts, in a rush 


A Honeywell branch office near you can be your 
storeroom for standard parts . . . in addition, the 
Parts Depot in Philadelphia carries a complete stock 
of all normally used parts. With Honeywell stocking 
your spare parts, you save storage and inventory 


control costs. Most shipments are made within ‘4 
hours after orders are received. 





Practical service training 


The tuition-free Honeywell Training School teach«s 
your instrument technicians the most up-to-daie 
maintenance methods, fits them for the kind of pro!)- 
lems they may encounter on the job. Intensive 
courses range from two to fourteen weeks. 
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Application engineering 


Experienced Honeywell application engineers know your industry and 
processes. They design complete systems of instrumentation, reducing 
the work of your own engineering staff. From the broad Honeywell 
line, they recommend instruments that are exactly right for the job. 
And because Honeywell supplies all types of instruments, recom- 
mendations are made without bias. Service engineers will, if needed, 
help with installation and startu, of your system. 


big extra you get with 


Honeywell instrumentation 


Honeywell offers you fat more than instru- 
ments. You get service whenever and wherever 
you need it . . . service that begins when you 
first decide you need instruments, and con- 
tinues long after they’re installed. This service 
is always conveniently close at hand. for there 
are more than 110 Honeywell sales and service 
centers located strategically throughout the 
U.S. and Canada. 


Prompt, competent service by nearby field 


specialists is an important plus-value of Honey- 
well instrumentation. Your local Honeywell 
sales engineer has all the facts on this service 
as it relates to your instrumentation needs. 
Give him a call . . . he’s as near as your 
phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., 
Industrial Division, Wayne and Windrim 
Avenues, Philadelphia 44, Pa.—in Canada, 
Toronto 17, Ontario. 


Honeywell 


BROWN 


INSTRUMENTS 


Fouts in. Coutiols 
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Break Through The PROBLEM Barrier 


Making it possible for Engineers to break through the prob- 
lem barrier is our most important project. Since our Com- 
pany’s inception, constant attention to the human engineering 
factor has brought about such advantages as High Speed 
Servos, Automatic Extended Readout with push-button con- 
trol, Problem Checks, Electronic Multipliers, Servo Volt- 
meters, Resolvers and Function Generators, etc. Our standard 
production has the further advantage of actual time in the 
field before being announced as “new.” Just one more reason 
why you can always look to PACE for Progress in Analog 
Computing Systems, for reliability, stability and overall econ- 
omy. For details, write Electronic Associates, Inc., Dept. 1A-7, 
Long Branch, New Jersey. 
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Western Simulation Council 


Jack Sherman, Missile Systems Division, 
Lockheed Aircraft Corporation, Van 
Suzette McLeod, SECRETARY je Calif.; Chairman, Steering Com- 
mittee. 
8484 LaJolla Shores Drive 


LeJelle, Calif. Midwestern Simulation Council 


J. J. Stone, Battelle Memorial Institute, 
Columbus, Ohio; Chairman, Steering 
Committee. 





PIECES 





Eastern Simulation Council 


Frank Richmond, Glenn L. Martin Co., 
Baltimore, Md.; Chairman, Steering 
Committee 


WESTERN S/C MEETING 
OF MAY 10 ON 


"CONTROL CONSOLE DESIGN" 


Approximately 38 representatives 
»f some 20 organizations gathered at 
\erojet-General in Azusa, California 
on the afternoon of 10 May 1956 for 
the Western Simulation Council dis- 
cussion of “Control Console Design 
and Centralized Control for Analog 
Computers.” 

After a late start (the right en- 
irance to sprawling Aerojet is not 
easy to find) a business meeting con- 
cerning our planned Second Annual 
National Simulation Conference took 
so long that the subsequent discus- 
sion of “Control Console Design etc.” 
had to be curtailed for refreshments 
and a look at Norm Irvine’s analog 
computer lab. 

Joe Hussey (Berkeley Scientific 
Division of Beckman Instruments, 
Richmond, Calif.), who was sched- 
uled to give us the word on the cur- 
rent® thinking for their EASE (of) 
*It is interesting to note the complete 
change in philosophy embodied in the 
FASE of yesterday and tomorrow. 
The original EASE was completely 
hand-patched, fully flexible, unstabi- 
lzed, and inexpensive. The general 
realization that computers can save 
rianpower, and that the more quickly 
they can be set up the more manpower 
taney can save (and therefore the more 
economical they are in the long run), 
has led Berkeley and other vendors in 
the opposite direction— semi-automat- 
ic setup and check with attendant re- 
duced flexibility, automatic stabi- 
Izing and high accuracy—and _in- 
creased cost. For an argument against 
this trend see Dr. Schart’s comments 
following this write-up.—Ed. 


setup must have been one of those 
who got lost, because he came puffing 
in with T. L. Nelson (V. T. Rupp Co., 
Los Angeles, Calif.) just in time to 
start talking. 


Hussey on EASE Philosophy 


Joe began by saying that he wanted 
to make it plain that he was speaking 
as an engineer and not as a salesman 
(oh?). They have not sold one of the 
new computers which he was about 
to describe, and they won’t until the 
development is complete. Joe said he 
thought one of the unusual features 
of this development was the use of 
private instead of Government dol- 
lars—certainly this is something of a 
novelty these days. 

Development of the new EASE 
computer was premised on the 
idea that people are not so con- 
cerned with the initial cost of a 
computer as they are with the 
over-all costs of getting reliable 
information out of it. Joe be- 
lieves that, typically, people are 
able to sell their management on 
buying a computer if they can 
show that they will keep it busy 
one-third of the time; six months 
later it will be working three 
shifts and still not be able to take 
care of all the work. Maybe the 


boy who recommended the com- 


puter in the first place gets a 


Southeastern Simulation Counoll 


W. K. McGregor, ARO, Inc., Tullahoma, 
Tenn.; Chairman, Steering Committee. 


raise. Maybe the company gets 
more computers. Maybe they get 
acres of computers! But where 
do they find the bright boys to 
run them? Berkeley’s philoso- 
phy is predicated on the fact that 
the answer is not more com- 
puters but computers which few- 
er people can set up and check 
out, in a shorter length of time. 


Joe told us that studies have indi- 
cated that 70% of total computer 
time is spent on setup and checkout. 
Therefore, the Berkeley effort is di- 
rected toward reducing this percent- 
age. Actual productive time is prob- 
ably set by the fact that many simu- 
lation problems must be solved in real 
time. Joe believes the techniques 
which he went on to describe will cut 
setup and checkout time at least in 
half. 

The first attack was to reduce the 
over-all number of patchcords re- 
quired to set up any given problem. 
Every patchcord which can be elimi- 
nated, Joe said, eliminates one pos- 
sible source of error. (Of course some 
wiseacre had to point out that it was 
two sources of error because a patch- 
cord has two ends, either of which 
might get in the wrong hole.) 

Berkeley has eliminated many 
patchcords by setting up scale-factor 
potentiometers and amplifiers in a 
standard configuration, with switches 
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for an amplifier gain of 1 or 10. This 
module combination of potentiom- 
eters and input gain results in an 
over-all gain of from 1/100 to 10 
without any patching at all. If, how- 
ever, a high-gain amplifier is re- 
quired, one patchcord can be used to 
jump the feedback resistor. 

Bill Schart (Convair-San Diego, 
Calif.) asked whether this configura- 
tion was based on some preconceived 
idea of the kind of problems to be 
solved. To some extent yes, Joe re- 
plied; it was based on an analysis of 
the major part of the market. 

Stan Rogers (Convair-San Diego, 
Calif.) suggested that the 1 or 10 
gain switchmight be set wrong just 
as things might be patched incorrect- 
ly, but Joe pointed out that with the 
switch you have an easily-read figure 
in front of you as opposed to check- 
ing on the correct plugging of a 
patchcord. Besides, said Joe, with 
their arrangement the gain is meas- 
ured by putting a reference voltage 
on the input potentiometer and meas- 
uring the output of the amplifier. 
Thus an incorrect setting would 
show up, while any variation in the 
gain of the amplifier would be com- 
pensated. 

Dr. Schart asked if the patchboards 
were removable. Joe said yes, that 
they had tried to provide everything 
for the convenience of the operator. 
If you are willing to pay enough, a 
little hand will come out and blow 
your nose for you! However, all of 
these conveniences cost money. The 
over-all initial cost of the computer 
he was describing, Joe estimated, 
might be as much as three times that 
of a similar computer having the bare 
essentials. But this would be offset by 
savings in manhours when the com- 
puter was placed in operation. 

Someone remarked that this accu- 
racy obtained by checking from the 
input of the pot to the output of the 
amplifier was fine, but how about 
errors resulting from thermal insta- 
bility of the input and feedback re- 
sistors? Joe answered that here was 
a fine point that a lot of people had 
missed, that this was a powerful and 
valid reason for computer operators 
to demand that their computer room 
be airconditioned. 

This got lots of laughs, and some 
remarks concerning the fact that com- 
puters can be charged off to con- 
tracts for which they are purchased, 
but airconditioning is a capital facil- 
ity which must be paid for by the 
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company! Joe countered this by say- 
ing that this was the wrong attitude 
—that if airconditioning is necessary 
for the proper operation of the com- 
puter they should buy it with the 
computer and have the computer 
manufacturer install it as a pack- 
age.(!) 

Then, getting serious again, it was 
pointed out that the thermal stability 
of a resistor is as much a matter of 
the previous history and the process- 
ing of the wire as it is the trimming 
of the resistor when it is manufac- 
tured. Reasonably stable resistors ac- 
curate to 1/10 of 1% are now avail- 
able, however, so the capacitors are 
becoming the real limitation on the 
accuracy of the computer. A partial 
solution to the long-term drift prob- 
lem is to keep interchangeable resis- 
tors and capacitors matched. 

Joe says they are still looking for 
a really good resistor and would ap- 
preciate any information on the sub- 
ject. 

Dr. Schart asked if the gain of an 
amplifier could be checked with the 
amplifier connected as a summer or 
inverter and then the amplifier 
changed to an integrator. Joe replied 
yes, this could be done automatically 
by relays. 

The EASE console setup is such 
that the operator sits with the patch- 
board practically in his lap. The con- 
trols are adjacent to his right hand, 
or if you are left-handed, they will 
turn their prints over and build it 
that way for you. The recorder is in 
a drawer of the console which can 
be rolled out for inspection. The op- 
erator should never have to leave his 
chair. The standard console can han- 
dle up to 106 amplifiers. Besides the 
connections already mentioned, these 
amplifiers have their summing junc- 
tions and grid leads (not necessarily 
the same) brought out. 

The EASE module arrangement al- 
lows the customer to determine what 
ratio he would like to have of servos 


to operational amplifiers. A favorite © 


arrangement has 16 servos, some 
driving tapped pots. The AMP patch- 
board can handle over 30 electronic 
multipliers and has 250 spare con- 
nections. The function generators 
take only one input and one output 
hole each. Amplifiers are remote from 
the console, and the distance from 
the potentiometers to the input re- 
sistors is about three feet. 

It was interesting to note that Joe 
believes the day is coming in the 


near future when no electromechan- 
ical servos will be used in simulation 
(except perhaps in plotting boards). 
Electronic resolvers and electronic 
multipliers will be faster and more 
accurate. The only problem now is 
one of price, and even today they 
are reasonably competitive when the 
number of amplifiers required with 
servos is considered. 

All indicators are also brought out 
to the EASE console. There are two 
banks of lights, one which registers 
instantaneous overload and one 
which goes on with overload and 
stays on until it is manually reset. 

Joe says that they included auto- 
matic problem check in their com- 
puter because almost all of the neces- 
sary components were available any- 
way. They use Berkeley timers to 
time their relay operation accurately 
and to finish all timing pulses. They 
make their static check by introduc- 
ing voltages to see if they add up 
right and letting the integrators go 
for a fixed time. 

Then Joe was asked a question that 
has probably bothered all of us at 
one time or another. When one am- 
plifier is used to sum and integrate. 
how can you check to determine that 
the inputs which collectively amount 
to the derivative are correct before 
integration? Joe answered that you 
do this when the amplifier is set up 
as a summer before being automat: 
ically converted to an integrator. 

All of this automatic converting. 
switching, and so forth bothered 
Willard Uplinger (U.S. Naval Ai 
Missile Test Center, Pt. Mugu. 
Calif.), who has had considerabk 
trouble with relays, particularly with 
regard to a well-known digital volt 
meter. “Is there,” he asked, “Any 
such thing as a foolproof relay? How 
about the multitudinous ones whicl 
must be required in the computer you 
are describing? We have a situatior 
where we might get most any answer 
Sometimes it seems to depend on th: 
time of day.” Joe replied that ther 
are all kinds of relays—that one rea 
son their computer costs so much i 
the price of the high-quality relay 
used. These are all hermeticall 
sealed. 

Asked what information could b 
read out, Joe replied all amplifie 
outputs, all of the coded terminal: 
all initial conditions, and the gains a 
all amplifier inputs. You can hit 
master scan button, go out for a cu» 
of coffee, come back, and they will b 
printed out for you. Or you could h 
the punch button and have a punc 
tape prepared. Pots can be set by 
Clary keyboard and servo system, © 
they can be manually changed fo" 
empirical work. There are also ha’! 





sequ 
drivi 


a dozen Helipots available on the 
patchboard. 

Someone wanted to know if there 
was a tilt button, just in case! 

Nailed on the question of cost, Joe 
squirmed and would admit nothing 
except that he thought it would be 
between $100,000 and $800,000 de- 
pending on what you want. Someone 
wanted to know if you could get a 
keyboard setup for $180,000. Joe said 
maybe. He thought that the simplest 
operative form, stripped of every- 
thing but the bare essentials, would 
probably be $100,000. To that one 
‘ould add as many accessories as de- 
-ired. “They would cost money,” said 
.oe, “But they can be bought. You 
.an’t buy engineers.” 

Norm Irvine, our host for Aerojet, 
iad a lot to say on the subject of 
patchboards and computer setup, but 
(ime was running so short that he 
decided we should adjourn fer re- 
ireshments in the Aerojet cafeteria 
.nd then come over to his lab where 
le would show us what he had done 
instead of talking about it. 

As usual, the bull sessions during 
ine break were interesting, as was 
‘orm’s lab. The Aerojet analog com- 
putation laboratory is unique in that 
the bulk of the equipment was de- 
signed and built by Norm and other 
\erojet personnel and therefore em- 
bodies many interesting and unusual 
features. However, because your Edi- 
tor is not sure which ones are con- 
sidered proprietary (and also be- 
cause he didn’t understand some of 
them) we had better not try to go 
into detail as to what we saw. 

* * * 

Having noted the pointed remark 
Dr. Schart had made, your Ed. sub- 
sequently asked him what he was 
driving at, and received the following 
answer. 

“The speaker implied that the 
shortage of programmers and opera- 
tors for analog computer equipment 
is best overcome by the reduction of 
the sophistication of the patching 
schemes. Another method of over- 
coming this shortage is to provide 
training to create new programmers 
and operators. 

“In addition, in my opinion, the 
full power of the more sophisticated 
machines* has not been fully exploit- 
el. There are many problems which 
cin be solved on these machines 
which are not being solved because 
the user is not fully aware of their 
c.pabilities. Again, the solution con- 
s sts of educating the user and broad- 
e1ing his perspective as to the use of 
t.ese machines. 

*.e., the fully flexible ones where the 
overator has complete freedom in the 
use of all components. 


SIMULATION 
COUNCIL 


“Undoubtedly, Berkeley Scientific 
Division has decided there is a mar- 
ket for the machines they are pro- 
posing. However, I hope that other 
organizations will use the alternate 
approach which I propose, so that 
the computer art will advance on 
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that front as well. 

“It is interesting to note that a 
similar conflict between sophistica- 
tion on the one hand and simplicity 
for the programmers on the other 
exists in the general-purpose digital- 
computer field also.” 





MIDWESTERN S/C MEETING OF MAY 14 ON 
“OPERATIONS RESEARCH" 


Minutes of the 14 May meeting of 
the Midwestern Simulation Council, 
prepared and sent to me by Hal Cole- 
man (Bendix Aviation Corp. Re- 
search Laboratories, Detroit, Mich.) ,. 
tell us that Rodger Merrill welcomed 
them on behalf of Battelle Memorial 
Institute, Columbus, Ohio. After a 
brief discussion of current technolog- 
ical demands, Mr. Merrill said that 
to be sure the visitors would be able 
to carry something worthwhile away 
with them Battelle had arranged to 
provide coffee and doughnuts! 

Because ye Ed. was too far away 
from those doughnuts and coffee to 
hope to ad lib in context, the rest of 
this writeup will consist of excerpts 
lifted ‘almost’ verbatim from Hal’s 
notes. However, because of that al- 
most, quotes will be omitted. 


Debeau on Basic Functions 


The first speaker was Dave Debeau 
(Management Research Division, 
Battelle Memorial Institute). Being 
an expert on Operations Research, he 
chose not to define the subject but 
only to explain and describe its func- 
tions, which are observation, theory 
development, and experimentation. 
The two largest categories in Opera- 
tions Research are military and in- 
dustrial. In general, the military by 
nature is easier to evaluate because 
results of changes in techniques can 
be observed directly. The difficulty 
in industry is to obtain boundary 
conditions; it is virtually impossible 
to control the conditions of the ex- 
periment. One cannot control or ask 
that changes be made in an environ- 
ment merely to get more data.* Be- 
cause of these limitations, the Opera- 
tions Research Analyst must depend 
more and more on simulation. 


*Process industry people will appreci- 
ate this! 


In the field of simulation there are 
several methods. Some use charts 
which are always static and exact. 
Others are flow diagrams which are 
always static and are usually exact. 
Another type of simulation is a phys- 
ical model which may be either static 
or dynamic. (An example of this is a 
highway network.) An _ analytical 
model can be either static or dynam- 
ic, exact or stochastic. As the systems 
of equations in analytical models be- 
come more complex, the use of com- 
puters becomes necessary. Both ana- 
log and digital computers have been 
used satisfactorily for machine solu- 
tions. 

Another form of simulation is 
Operational Gaming. This approach 
uses people, and nearly always deals 
in dynamic and stochastic processes. 
Often it is a combination of several 
of the foregoing techniques such as 
flow diagrams, physical simulations, 
and analytical simulations. An exam- 
ple would be the study of the flow of 
traffic into an airport where all the 
pertinent information would be re- 
corded. Then an introduction of jets 
into the traffic pattern would be 
made, one at a time. Human beings 
would have to make decisions, and 
the study of these decisions would be 
the crux of the Operations Research 
experiment. 

In the question period that fol- 
lowed, Milt Warshawsky (Wright Air 
Development Center, Wright-Patter- 
son Air Force Base, Ohio) asked if 
the equations tended to be more suit- 
able for digital techniques rather 
than analog. The answer was yes, be- 
cause of the predominance of alge- 
braic rather than differential equa- 
tions. 

Jerry Kennedy (Electronic Asso- 
ciates) asked Debeau if their work 
had contributed to any management 
decisions by Battelle with regard to 
internal operations. Dave answered 
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that it had in the instance of report 
writing. 

Hal Coleman asked whether a num- 
ber could be assigned to the percent- 
age of successful predictions and was 
told that this was difficult. However, 
one result came within 10 to 15% of 
the predicted values. 

James Edwards (Mid-Century In- 
strumatic Corp.) asked whether it 
was possible to assign statistical prob- 
ability figures to the work. Dave an- 
swered that they tried to, but could 
not always do so because of their 
inability to experiment. 

Bill Field (Carbide and Carbon 
Chemicals Company) asked what or- 
der of data accuracy was required. 
Dave replied that this varied with the 
problem from 0.1% to 15%. 

Dick Weber (Cincinnati Milling 
Machine Co., Cincinnati, Ohio) said 
that it seemed to him that these prob- 
lems.could, be done faster and more 
conveniently on an analog computer, 
particularly as one may be interested 
in examining several sets of coeffici- 
ents. The reply was that linear pro- 
gramming is reasonable only if all of 
the coefficients are known. As a result 
the analog has very positive advan- 
tage over digital when any changes 
are to be made. 


Pyne on Linear Programming 


The next speaker was Insley B. 
Pyne (Princeton University), who is 
considered one of the few experts in 
the country in the field of linear pro- 
gramming with analog computers. He 
described a technique derived from 
his experience with the equations and 
restrictions. He also indicated the 
type of gating and circuit analysis 
necessary for the performance of this 
operation. A method of checking is to 
start at various points in the system 
and see whether in each instance the 
loop stabilizes on the same point. At 
the present stage of the art he is not 
at all sure that most computer instal- 
lations should build themselves giant 
matrix boards. At Princeton a modest 
linear programming board is under 
development, more or less as an ex- 
periment. He feels, however, that the 
newer programming methods such as, 
for example, the card programming 
system recently developed by RCA 
for one of their newest analog com- 
puters, have the advantage of being 
more general and may remove the 
necessity for such a matrix board. 


Jackson on Problem Types 


Warren Jackson (Standard Oil of 
Ohio) indicated in his talk that the 
analog approach was limited to par- 
ticular types of problems; the big 
limitation is the amount of computer 
equipment available. Although indi- 
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Dave Prince (at the controls) ond Bob Johnson (at plotting board) of new 


analog computer facility at Georgia Tech. 


vidual problems may contain a large 
number of zero coefficients and thus 
be adaptable to a standard computer, 
changing to another situation would 
entail a large amount of rewiring. 

Most of their investigations were 
studies requiring several hundred so- 
lutions. They could have 7 equations 
in 16 variables, which would require 
a setup time for their analog com- 
puter of eight hours. The running 
time, however, would be only about 
one-half minute per solution. The 
payoff came in changing to subse- 
quent problems. Then you can look at 
each run and decide which is to be 
discarded. Warren’s equipment re- 
quired 32 diodes and 39 pots, while a 
general-purpose board would require 
225 pots for a 15 x 15 matrix. Other 
techniques were presented which do 
not use switches, but which need 
more programming and use silicon 
diodes with a 0.2 to 0.3 volt residue. 

Reference was made to studies 
conducted to determine digital tech- 
niques for linear programming, and a 
comparison was made between the 
650 and the Simplex. 

A discussion followed as to wheth- 
er it would be possible to do a lot of 
the analysis automatically. It was de- 
cided that in time this would be pos- 
sible. Jerry Kennedy indicated that it 
would be possible to vary the solu- 
tion by the technique of wiggling 
pots. He also felt that there was no 
need for using expensive pots on a 
matrix board. 

Brit Lux (Bendix Research Lab- 
oratories, Detroit, Mich.) asked how 
accurately the pots are set. They are 
set as well as possible. Good accuracy 
in problem solutions has been ob- 
tained. 

Bob Howe (University of Michi- 
gan. Ann Arbor, Mich.) asked wheth- 
er the capacitors were important. 





Insley stated that they should be uni 
form. Bob then asked if different ca 
pacitors can be used in the feedbacl 
in slow problems. Pyne replied yes 
they could be used for problem speed 
up. 

Warren Jackson remarked tha 

they had three different-sized capaci- 
tors on their computer, which Insle 

agreed was a good idea. 

Herbert Schultz (Goodyear Air- 
craft) asked about nonlinear prob- 
lems. Insley explained that it was 
their philosophy to stay away from 
them! 

With the conclusion of the ques- 
tions a tour was made to the analog 
facilities at Battelle to show off some 
new equipment received since the last 
visit of the Simulation Council. 





Information 


(Without Theory) 


The National Simulation Counc! 
is going to cooperate with the Denver 
Research Institute of the University 
of Denver when that organizatio 
holds its Third Annual Symposiu:) 
on Digital and Analog Computers i1 
Denver on 30-31 August 1956. 

The extent of the participation wil 
be threefold: 

1. On the afternoon of Thursda . 
30 August, there will be a pan | 
discussion of Combined Anak 
and Digital Simulation orga .- 
ized and participated in ly 
NSC representatives. 

2. All who are interested will |e 
invited to remain after the pa :- 
el discussion to consider tvo 
questions: the formation of a 

local SC, and plans for our ai 
nual NSC conference. It is 
hoped that the latter can ‘e 
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settled at that time. 

3. All at the DRI conference will 
be invited to participate in 
some sort of informal get-to- 
gether sponsored by the NSC 
Thursday evening. The objec- 
tive will be to get acquainted 
with others having similar in- 
terests. It is hoped this will be 
as successful as the similar 
soirée held in Dallas last Feb. 

Only other info of interest this 

month is that Georgia Tech has got- 
ien their new analog computer facili- 
iy under way, as you can see in the 
ieccompanying photograph. 





Thot (not original) 





Science is only controlled curiosity. 





Computer Events 
Other events on page 1350 





Association For Computing 

Machinery 

Date: 27-29 August 1956 

Place: University of California at 
Los Angeles, Los Angeles 24, 
Calif. 

Subject: 11th Annual Meeting 

info: ACM, Box 3251, Olympic Sta- 
tion, Beverly Hills, California 


Denver Research Institute, 

University of Denver 

Third Annual Symposium on Digital 

and Analog Computers 

Date: 30-31 August 1956 

Place: Hotel Albany, Denver. Colo. 

info: William B. Kennedy, D.R.I.. 
University of Denver, Denver 
10, Colo. 


DDA Council (Note changes) 
Date: 20 August 1956 (the Monday 
preceding WESCON) 
Time: 1030 
Place: Autonetics Division, North 
American Aviation, 12214 
Lakewood Blvd. (at Imperi- 
al), Downey, California 
Subject: Future plans and common 
problems of Digital Differ- 
ential Analyzer users. 
Info: Mr. Robert Geiger, Autonetics 
Div. 


Midwestern Simulation Council 
late: To coincide with National 
Electronics Conference (Oct. 
1-3) 
I lace: Chicago, Illinois 
Subject: “Simulation of Hydraulic 
Systems” 
]iformation: Tammen & Dennison, 
Engineering Consult- 
ants, Chicago, Illinois 




















Simultaneous two-pen recording of 60 c.p.s, voltage, 


Regulation in less than '/soth cycle... 


— of typical electromechanical 
gulator in resp to step change in 
inp — Average correction rate of 








Output of Curtiss-Wright Distortion 
Eliminating Voltage Regulator from 
same input. Full recovery in 330 
microsec, 


PLUS Pure Sine Wave Power 


CURTISS-WRIGHT LINE REGULATOR 


®@ Electronically regulates r.m.s. and peak voltage si- 


multaneously to +1%. 


@ Reduces typical power line distortion to less than 0.3%. 


@ Furnishes 1.4 KVA of distortion-free power. 


@ Introduces no phase shift between input and output. 


@ Simultaneously provides additional 4 KVA of +1% 
electromechanically regulated power. 


Faster recovery time (less than 
oth cycle, or 330 microsec- 
onds) plus the unique ability to 
eliminate line distortion — these 
are the reasons why the Curtiss- 
Wright Distortion Eliminating 
Voltage Regulator has been chosen 
by more and more laboratories 
and production test departments. 
Besides general laboratory use, 
this line regulator provides sim- 


pler, more accurate calibration of 
meters .. . better design of trans- 
formers, synchros, motors .. . 
easier testing of such components, 
with fewer rejects . . . easier, 
more accurate measurement of 
magnetic properties and receiver 
sensitivity . . . better a.c. com- 
puter performance . . . elimination 
of fast line transient effects. Write 
for details. 


Electronic Component & 
Instrument Sales Department 


ELECTRONICS 


Ww 


DIVISTONs tS 


CURTISS-WRIGHT 


CORPORATION - 


CARLSTADT, N 


For more information circle 49 on inquiry card. 
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Look Into Mid-Century’s Non-Linear Cabinets 
FINEST in the field! 


@ Saves on number of Analogue 


Computers ordinarily required. 


@ Provides special equipment for 


tricky problem areas. 


receiv 
advan 





The 

Here’s a new must for computing center work; M-C Non-Linear Cabinets feature: a 

because M-C’s Non-Linear Cabinets can save ; ig 

on former large investments required in Anal- ° Six resolvers. ew Y 

ogue Computers. In addition, they provide © Twenty-four operational amplifiers. (1) E 

special equipment to owes problems in spec- © Programing is done p 

ial areas. All in all they’re new, big news in on removable patch board. (2) C 
electronic computing — which it will pay you Sa ; ' 

to look into today. Connects easily with computing equipment. (3) P 

Size 36” x 24” x 77”. (4) A 

(5) El 

m. 


— Fou “precision is our business” "% 
+ revi MID-CENTURY Each 
cident intervie INSTRUMATIC CORP. | °” 


5. For com eer ; 
_ A. Merritt, Chief Engin 611 BROADWAY « NEW YORK 12, N.Y. © Telephone — SPRING 7-4016 ai the E; 
‘ low. 2000 Yiaeowv ite Center Rd. « sg stn a 21, Ohio « Evergréen 2-6160 
Wilshire Boulevard « Los Angeles 36, Calif. « Webster 4-0102 


ces 1313 Wellington Street ¢ Ottowa, Ont., Canada « Telephone 8-6065 j Each | 
927— 15th Street, N.W. © Washington 5, D.C. © District 7-1892 ach | 





oue (or 


For more information circle 50 on inquiry card, 
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HERE 


Third International Automation Exposition, Advance Clinic Registration 
845 Ridge Ave., Pittsburgh 12, Penna. 

Please expedite my registration for six clinic classes. 
Attached is my $10 registration fee [7]. 


My six preferences are: 


Please send more details [7]. 








Name 





Company 


1S your Address 





Products Manufactured 














advance... 
registration for the top Aufomation Education 


Program of the Year—100 CLINIC CLASSES 


HERE is the most ambitious education program ever 
laid out—designed to teach production and office men 
everywhere exactly how automation equipments work and 
bow they are applied to SPECIFIC jobs. 


HERE is an opportunity for every company to educate 
iis production men in modern techniques for high-effici- 


eacy production. 


HERE is an opportunity for every technical worker to 
receive not only lectures but demonstrations on the most 
advanced production equipments in the world. 


The Automation Show Management offers 
100 CLINIC SESSIONS 
in conjunction with the THIRD INTERNATIONAL 
AUTOMATION EXPOSITION, November 26-30, 1956, 
New York, in the fields of 
(1) Electronic Computers-analog, digital; general pur- 
pose, special purpose. 
(2) Office Automation—Data Handling. 
(3) Process Automation. 
(4) Automatic Production, Assembly, Fabricating. 
(5) Electronic, Hydraulic, Optical and Pneumatic Auto- 
mation Techniques and Components. 


(6) Servomechanisms. 


Each clinic class will comprise a 90-minute lecture and 
d:monstration based on operating equipments exhibited 
ai the Exposition. 


Each registrant can sign up for six clinic sessions in 
o1e (or more) of the six basic fields. 


Principals to date in the clinics include: 


ANALOG COMPUTER CLINIC 


Austin Company 

Berkeley Div., Beckman Instru- 
ments, Inc. 

Electronic Associates, Inc. 

Goodyear Aircraft Corporation 

Reeves Instrument Corporation 

Wang Laboratories 


DIGITAL COMPUTER CLINIC 


Austin Company 

Bendix Aviation, Computer Div. 

Computer Control Company 

EECO Production Company 

International Business Machines 
Corporation 

Librascope, Inc. 

Philco Corporation 

Potter Instrument Company 

Remington Rand Div., Sperry 
Rand Corporation 

Wang Laboratories 


OFFICE AUTOMATION AND 
DATA-HANDLING CLINIC 


Commercial Controls Corp. 

International Business Machines 
Corporation 

Potter Instrument Company 

Remington Rand Div., Sperry 
Rand Corporation 

The Teleregister Corporation 

Underwood Corporation 


PROCESS AUTOMATION 
CLINIC 


Baldwin-Lima-Hamilton Corp. 
The Bristol Company 

Brooks Rotameter Company 
Fischer & Porter Company 
Panellit, Inc. 

P-K Industries, Inc. 


CLINIC for AUTOMATIC 
PRODUCTION, ASSEMBLY, 
CLEANING and FABRICATING 


Alden Systems Company 
The Baker Company, Inc. 
Cobehn, Inc. 
Hillyer Instrument Co., Inc. 


CLINIC for ELECTRONIC, 
HYDRAULIC, OPTICAL and 
PNEUMATIC TECHNIQUES 


Allen B. DuMont Labs. 

The Bristol Company 
Modernair Corporation 
Wollensak Optical Company 
Karl Heitz Company 


SERVOMECHANISMS CLINIC 


The Bristol Company 
PIC Design Corporation 
Servomechanisms, Inc. 
Servo Systems Company 


Early registrants can select their six sessions in one or 
more of the above basic fields. Class schedules will be 


sent to each registrant. 


The above clinic sessions are typical of 100 sessions, 
each of which will comprise lecture-demonstration classes 
in front of operating equipments, Depending on the 
size of room within which the equipment is located, 
classes will be restricted to from 10 to 35 registrants. 
Therefore, industrial managers and engineers are urged 
to make early reservation of seats for sessions on equip- 
ments in which they are particularly interested. 
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Journal of the SC MA... 





SOUTHERN CALIFORNIA METER ASSOCIATION 


President: Glen G. Gallagher 
Vice-President: Philip Ver Planck, Jr. 


Auditor: Earl W. Kramer 
Program Chairman: Richard M. Voils, Jr. 


Secretary-Treasurer: Geo. H. Forster, Jr., 640 Fillmore St., Fillmore, Calif. 
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Fig. 1. Typical analog-type tank 
gaging system. 
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Selection and Installation of 


The two basic types of tank gaging systems are (1) analog type and (2) 


pulse type. Although the former are usually used for remote gaging up to 
a few thousand feet and the latter for “‘telemetering” over hundreds of miles, 
selection must be made only after consideration of (1) type of communica- 
tion facilities between tank and indicator and (2) system flexibility required. 


The Vapor Recovery 
Systems Co. 


Field wiring installation and maintenance factors are discussed in detail. 


common instruments used in the petroleum industry 
for level measurement. This article discusses the fac- 


_ Cpeeceeinnesersoe T ANK GAGES are still the most 


tors behind the selection of system type, as well as the - 


factors that enter into installation and maintenance of the 
installed remote-transmitting, float-operated liquid-level 
gaging system. 
Figs. 1 and 2 show typical float-operated liquid-level 
gages which consist of (1) a float which senses the liquid 
level; (2) a steel tape attached to the float, which runs 


August Meeting: Thursday, the 16th, Rio Hondo 
Country Club, Downey, Calif. 

Feature: Mr. Dale Straight, Southern California 
Gas Co., will present a paper entitled, “Integrating 
Orifice Meters.” 
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straight up to the tank top over idler sheaves and ther 
down to near ground level on the outside of the tank; (3) 
a counterweight or other form of pull-back or tension 
mechanism; and (4) means for reading the level indica 
tion. In older type gages the indication was in the forn 
of graduations on the tape itself, as on a measuring tape 
Newer types of gages provide improved readability by di 
rect-reading dials and counters which are driven by th 
perforated tape, similar to a chain driving a sprocket. 
Thus, the inital output of the tank gage consists o 
mechanical displacement, usually in the form of shaf 
rotation (for convenience, each foot of liquid level move 
ment usually produces one revolution of the output shaft) 
Most accepted methods of liquid-level data transmissio: 
utilize this mechanical output to drive or position a trans 
mitter element. When considering the remote transmissio: 
system we shall emphasize the factors influencing th: 
“accuracy” of the transmission system itself{—that is, 
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Fig. 2. Typical 
pulse-type tank gag- 
ing system uses 
coded pulses to in- 
dicate tank level. 
Two coded discs (at 
‘oP) develop 14-bit 
code that can indi- 
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Remote Tank Gages 


the system’s ability to reproduce the measurement 
provided by the tank gage. 


Types of Transmission Systems 


Indication of liquid-level information at some point 
other than the place of measurement involves equipment 
that falls into one of two general categories. The first 
system is used where the transmission distance is not 
great—usually only a few thousand feet—and it has 
become commonly known as a remote-gaging system. The 
second type is one that may involve hundreds of miles 
of transmission and can be called a telemetering system. 
However, distance is not the only consideration in select- 
ing the basic system. There are four basic factors to 
consider—(1) distance, (2) type of communication 
facilities between tank and indicator, (3) type of signal, 
and (4) flexibility required. 

The second consideration concerns the type of commu- 
tications facilities or wiring between the tank farm and 
he remote liquid-level indicator. In the first type of 
system (remote reading), we require a considerable 
1umber of conductors, ranging from an average of less 
han one conductor per tank to a possible four conductors 
ver tank. Thus the total number of conductors required 
»y the main cable for a 60-tank installation can be from 
L8 to 240, depending on the type of system and equipment 
ised, 


The second type of system—the telemetering type— 
usually provides a means for connecting a single commu- 
nications channel, such as a two-pair line, to each tank 
as it is gaged. This arrangement is similar to an automatic 
telephone switchboard, Thus, when the number of con- 
ductors that can be installed between the tank farm and 
the receiver is limited, the telemetering-type system must 
be used. Note that this consideration ties in directly with 
the distance concept because the problem concerning 
the number of conductors increases in direct relation to 
the distance. ° 

The third consideration is the nature of the electrical 
signal used for transmitting the intelligence. Generally 
speaking, remote-reading systems use an analog-type 
signal, either a voltage, current, or phase proportionate 
to the liquid level. (Where the analog signal is needed 
for continuous reading or for control, a remote-readng 
system is indicated.) The telemetering systems, however, 
usually utilize pulse techniques for the transmission 
means because these are better adapted to the problems 
of long-distance transmission. 

The fourth consideration concerns the type of operation 
and flexibility required. Remote-reading analog systems 
are flexible; they can be arranged so that readings can be 
taken simultaneously at several points; they can provide 
either continuous indication for each tank or a single 
indicator with tank selection switches; and they are 
usually either instantaneous reading or relatively fast. 
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The pulse systems are not as flexible. The signal used is 
sent on a sequential basis like a telegraph signal and, 
therefore, a definite time is required—from a few seconds 
to about 25 seconds for the equipment available today. 
Although more than one receiver can be provided for a 
pulse system, a reading obviously cannot be taken for any 
tank in the system at any given time. In this respect the 
systems are similar to a telephone party line; only one 
message at a time can be transmitted. 

Thus, the four basic considerations in determining the 
type of system best suited for a given application are: (1) 
distance, (2) type of communications facilities, (3) type 
of signal, and (4) type of system operation or flexibility 
required. 

It would appear that the first three considerations are 
all directly related to distance and, therefore, the second 
and third conditions have little bearing on the selection. 
However, consider the case where it was desired to re- 
motely gage tanks that were located only a few hundred 
feet from the receiver location, but a highway existed 
between the receiver and the tanks. It was not possible 
to install a cable across the highway, but it was possible 
to use a leased telephone line. As the telephone line con- 
sisted of only a single pair of wires, the pulse telemeter- 
ing system-was used, despite the short distance. 

There also have been cases where considerable distance 
was involved but continuous reading indicators were re- 
quired for each tank; the remote-reading analog system 
was best suited because multiple transmission channels 
would have been required for either system. In instal- 
lations where control is required using the liquid-level 
signal as the control input, the analog system is required. 


Varec Analog System 


Figs. 1 and 2 show the “Varec” analog and pulse sys- 
tems, respectively. In the analog system the transmitter 
contains two precision potentiometers which are used as 
voltage dividers. One is the “inch” potentiometer, the 
other is the “foot” potentiometer. The former makes one 
complete revolution per foot of level change; the latter 
makes 10 turns for 60 feet of level change. D-c voltage 
from a power supply in the receiver is connected across 
the potentiometers and, therefore, the voltage at the sliders 
depends on tank level. 

The indicators at the receiver unit are two voltmeters; 
one has a scale graduated in feet, the other in inches and 
eighth inches. A portion of the “inch” voltage from the 
inch transmitter potentiometer is connected to the foot 
indicator in reverse polarity so that the foot indicator 
does not move until the inch indicator indicates a full 
12 inches, at which instant the inch voltage returns to 
zero and the foot pointer moves upscale one foot. As the 
foot indicator moves in 1-foot steps, errors in taking foot 
readings are eliminated. 


Varec Pulse Code System 


In the pulse system (Fig. 2), the float motion causes 
proportional rotation of two coded discs—an inch disc 
and a foot disc. The inch disc makes one revolution in 
24 inches; as readout is desired to 44 inch, the code is 
selected to have 8 x 24, or 192 parts. 

The foot disc has a 60-part code to cover a total tank 
height of 60 feet. 

When a reading is desired, the operator at the re- 
mote receiver dials a code which connects his receiver to 
the desired tank. When the connection is made, the motor 
shown makes one revolution, and the brushes on the lower 
disc pick up a 24-pulse code depending on the position of 
the two coded discs and, therefore, definitive of tank level. 
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The pulses are decoded at the receiver to light lights that 
show tank number and height in feet and inches to the 
nearest 1 inch. 

Once a system has been decided on, the next problem 
concerns the installation. We can assume there will be no 
difficulty with the mechanical work and will discuss th: 
electrical installation. 


Type of Wiring Installation 


In practice, both the overhead cable and the under 
ground type cable are used. The most common type of in 
stallation uses overhead cable from the receiver to th: 
tank firewall, and an underground cable from the fire 
wall to the tank transmitter unit. The type of cable usec 
may be either lead covered, plastic sheathed, or plastic 
sheathed with a metallic shield; the choice depends o1 
consideration of mechanical damage which may resul 
from plant operations, lightning, etc. 


Importance of Good Field Wiring 


In considering field wiring, the first problem concern 
the material used. A wide choice of excellent cables ar 
available. Practically any plastic insulated wire or cabk 
is suitable for wiring a remote gaging installation, par 
ticularly the type using a polyethylene insulation. Th: 
wire or cable used should, of course, have a conducto: 
size large enough for the distance involved, have an in 
sulation suitable for the voltages to be used, and shoulc 
be a type suited to the environmental conditions and typ: 
of installation. For the remote-reading analog-type system 
one of the most important considerations is the insulation 
quality. A good quality plastic-insulated cable should be: 
used, although, as will be noted later, the cable itself may 
not be the influencing factor in this respect. 

The second consideration for the field wiring is work 
manship. The installation of the transmission system re- 
quires more attention to details than an installation for a 
power system. The basic consideration is the insulation 
resistance or leakage of the cable. It is important that 
leakage paths be either eliminated or minimized through- 
out the system. Where terminal strips are used, the con- 
ductor should not have the insulation stripped back an) 
farther than required, and the wire after leaving the ter 
minal should not come in contact with other wires or the 
metallic housing or ground for as great a distance as 
possible in order to establish a reasonably long leakage 
path from the terminal to other conductors or ground 
All the splices and connections in the systems should be 
made to have as low a resistance as possible. 

The third consideration encompasses the first two ani 
concerns the insulation of the system as a whole. On» 
basic consideration in this respect, which is commonl 
overlooked, is the terminal strips used throughout the 
wiring system. As was mentioned, the wire or cable use:! 
will probably have good insulation and will, normally. 
cause little trouble as far as leakage is concerned. Al- 
though we would not tolerate breaks in the cable insula- 
tion, and would reject any cable where the bare conducto: 
was showing, we purposely break the insulation and ex- 
pose conductor whenever we install a terminal strip. An» 
terminal is a current-carrying exposed metal part, an: 
should be viewed with suspicion. 

Terminal strips are needed in field wiring both fer 
making changes to the system and _ trouble-shootin;. 
Except for these considerations, there is no justificatio. 
for use of terminal strips. A well-made and insulate 
splice is far more permanent, is just as convenient t) 
make, and will eliminate almost entirely the leakage pro! - 
lems from this source. 





that 
- the 


blem 
e no 


> the 


ider 
f in 
. the 
fire 
usec 
astic 
S$ Ol 
esul 


ern 
; ar’ 
sable 
par 
Th 
icto: 
n in 
ould 
typ: 
stem 
atior 
id be 


ma\ 


vork 
n re 
for a 
ation 
that 
yugh- 
con- 
an) 
> ter 
r the 
e as 
kage 
und 


ld be 


) and 
One 
10nl 
t the 
use‘! 
nally. 
. Al- 
isula- 
ucto’ 
d ex- 
Anv 


and 


h fer 
sting. 
ation 
late | 
nt to 
prol- 





INSULATION 
a LEAKAGE 


AAA 
RECEIVER eS 


Fig. 3. Leakage in this type of analog-type system 


causes reading to be low. 
RECEIVER 
(POWER SOURCE AND VOLTMETER) | 
AA 
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Fig. 4. Where power source is in receiver of analog- 
type system, the effect of leakage paths varies with 
tank height. 
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Where terminal strips are used, it is important that the 
junction box enclosing the terminal be as moisture- and 
dust-tight as possible. Where dust and moisture can come 
in contact with a terminal strip, sooner or later a leakage 
path will develop as the dust will settle on the strip and 
then absorb moisture and provide a conducting path be- 
tween conductors or between conductors and ground. It 
often is advisable, after the installation is complete, to 
completely insulate all the current-carrying exposed 
metal parts on the terminal strip with an insulating varn- 
ish. Where it is not desirable to use anything as perma- 
nent as a varnish, it is possible to use some compounds, 
such as DC-4 Silicone, to coat the exposed metal parts to 
prevent leakage. 

Assuming the terminal strips are protected from dust 
and moisture, no protection should be required, provided 
that a periodic maintenance or inspection check is made 
of the system junction boxes. 


Effect of Leakage on an Analog System 


In discussing field wiring, considerable stress was laid 
on the insulation quality of the system. This factor takes 
on its greatest importance when the system being in- 
stalled is of the remote-reading analog type. As the 
analog-type signal can be represented by a voltage am- 
plitude, we will consider the effects of leakage currents 
on such a signal. 

In this type of system, the transmitter output is a 
voltage that is proportional to the liquid level. Therefore, 
we can represent the transmitter as a voltage source of 
high resistance, and the receiver as a voltmeter of high 
resistance (Fig. 3). 

These two devices are connected by field wiring. The 
amplitude of the voltage on the field wires represents 
the liquid level. If a leakage path exists between the two 
conductors, a load is presented to the transmitter voltage 
source, resulting in a voltage drop due to the transmit- 
ter’s output resistance and, therefore, the voltage indi- 
cated by the receiver voltmeter is lower than the correct 
value. 

Leakage to ground or between the conductors, result- 
ing in a lower-than-correct reading, is not the only pos- 
sible leakage path. Actually, in the common type of 
system, the voltage source is located within the receiver 
unit and is fed to the transmitter, which can be repre- 
sented by a voltage divider as shown in Fig. 4. 








ae pe —= 
SLIDER NEAR ZERO Ty 


Fig. 5. Leakage path to negative end of power source 
is almost shorted out and thus has little effect when 
slider is near zero in this analog-type system. 
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_ Fig. 6. In pulse-code systems, either high-resistance 
joints or leakage paths or both can cause pulse signal 
to be too small to operate receiver relay. 


The output of the transmitter or voltage divider is 
then conducted back to a voltmeter in the receiver unit. 
Therefore, we have two possible leakage paths—one from 
the transmitter output lead to the negative or ground 
lead (which will cause the reading to be less than the 
correct value) and one from the transmitted output lead 
to the positive power lead (resulting in a reading that is 
higher than the correct reading). 

An oddity that causes confusion to the man attempt- 
ing to service the equipment is that the symptoms seem 
to indicate that the leakage comes and goes. Although 
this is possible, the leakage is generally constant but 
its effect varies with the liquid level in the tank. Re- 
ferring to Fig. 4, where the liquid level in a tank is close 
to zero, the transmitter voltage—divider slider will be 
near the negative end and will present an extremely low 
resistance output; hence, the leakage path between the 
transmitter output lead and the negative lead will have 
little or no effect on the output voltage (Fig. 5). Like- 
wise, the leakage paths from the transmitter output lead 
to the positive lead of the power source have little effect 
on the transmitter output voltage. This same condition, 
of course, is true in the opposite sense when the tank 
is at an extremely high level. Therefore, leakage paths 
will have their greatest effect somewhere in the mid- 
scale range and, with a fixed leakage, the effect of leak- 
age varies with the tank level. 


Leakage and Resistance Considerations in 
a Pulse System 


The pulse-type system is not as sensitive to insulation 
leakage as the remote-reading analog-type system. How- 
ever, a much longer transmission path usually is involved 
when a pulse system is used and, therefore, there are 
more possible leakage paths and high-resistance joints. 

In a pulse-type system the transmitter can be repre- 
sented by a voltage source and telegraph key, and the 
receiver represented by a relay or telegraph sounder 
(Fig. 6). Connecting these two units together, we have a 
pair of conductors that, due to the distance involved, 
may have considerable series or loop resistance. It is 
obvious that the relay in the receiver unit requires a 
definite voltage for proper operation. Hence sufficient 
leakage across the telemetering line can result in mal- 
function due to the reduced voltage pulse at the receiver. 
High-resistance joints have the same effect. Hence con- 
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sideration of high-resistance joints in a telemetering line 
is probably as important as leakage. 


Location of Equipment 


Usually, there is little choice in selecting the location 
of the equipment used in remote gaging systems. The 
transmitter units are located at the tanks, and the re- 
ceiver unit location is determined from a standpoint of 
operator convenience. As far as possible, however, an 
attempt should be made to locate equipment where it 
will be free from dust, moisture, vibration, and extremes 
in temperature. It should also be located in such a way 
as to provide access for service. As the nemesis of all 
electrical equipment is moisture, this should be one of 
the prime considerations in selecting a location for the 
equipment. 


Maintenance 


Routine maintenance is the best means of preventing 
trouble in any type of equipment. The following are 
worth noting: 

(1) Check receiver calibration periodically. 

(2) Routine replacement of tubes in electronic sys- 

tems. «-- 

(3) Check~critical contacts in pulse-type systems. 

(4) Routine spot check of transmitters for excessive 

contact wear and presence of moisture. 


Trouble-Shooting 


When troubles are encountered or reported, they will 

usually fall into one of the following categories: 

(1) System completely out of operation on all tanks. 

(2) System completely out of operation on one or 
more—but not all—tanks. 

(3) Reading errors on all tanks. Errors may be con- 
sistent or intermittent. 

(4) Reading errors on one or more—but not all— 
tanks. Likewise, these errors may be consistent or 
intermittent. 

The following procedure will help in trouble-shooting 

the system, based on the above mentioned symptoms. 

Condition No. 1: System is completely out of opera- 

tion. The trouble will exist either in the power source to 
the units or in a unit common to the entire system, or 
failure of the comunications cable. Check in the follow- 
ing order: 

A. Check for power at all units common to the complete system. 

B. Check the fuses in such units. 

C. Check the telemetering line for continuity and shorts. 

Condition No. 2: System completely out of operation 

on one or more, but not all, tanks.——The trouble prob- 
ably exists in something unique to the tanks affected. 
The following checks should be made: 

A. The transmitter unit. Simplest and most effective method of 
checking is by substitution. 

B. The transmission cable to the transmitters affected. In most 
systems the wiring to the tanks includes conductors that are 
common to several, and possibly all, tanks. In this event, the 
field wiring should be checked for a correlation between 
the routing of the conductors and the transmitters involved 
in the trouble. For example; if the last 3 transmitters on 
the line feeding 6 units do not operate, the conductor 
should be checked for a break between the 3rd and 4th 
transmitters. ; 

C. If items A and B check out OK and the trouble is still 
present, it is logical to suspect that the selection portion of 
either the receiver or selector is the cause; either the cor- 
rect selection may not be made or a poor contact may exist 
in the selection switch or relay. 


Condition No. 3: Reading errors on all tanks.—This 
symptom is rare and the cause depends on the type of 


system, as follows: 
For the electronic or remote-reading analog type, the following 
checks should be made: 
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A, Check the receiver for calibration. If it calibrates, the trou- 
ble is external to the receiver. If the receiver cannot be cali- 
brated, the trouble exists in the receiver power supply; 
tube replacement is indicated. 

B. Assuming the receiver will calibrate correctly, check any 
and all gaging conductors common to the entire system for 

_ insulation value. 
For pulse-type systems, the following checks should be made: 

C. To check a pulse-type receiver, it is necessary that either 
a test transmitter unit or an oscillograph be available. If a 
test transmitter is available, it should be connected directly 
to the receiver and the combination operated. A correct read- 
ing generally indicates that the trouble is external to the 
receiver; an incorrect reading indicates that the receiver re- 
quires service. 

If an oscillograph is available, it can be connected to the 
telemetering line to determine whether the receiver is re- 
ceiving the correct signal. Assuming the correct signal is 
received but an error still exists in the receiver reading, the 
receiver is obviously defective. 

D. Check the output of the remote selector unit. Where the 
checks indicate the receiver unit is OK, the output signal 
from the remote selector should be checked by reading the 
signal on the telemetering line at the selector output ter- 
minals or by injecting a signal into the telemetering line 
with a test transmitter. Once it has been determined that 
the correct signal exists on the telemetering line at the re- 
mote selector, it should be possible to then determine wheth- 
er trouble exists in the telemetering line to the receiver or 
within the receiver unit itself. 

E. Assuming that all of the equipment and the telemetering 
lines check out OK to this point, the next step is to dis 
connect all conductors between the selector and transmittei 
that are common to all tanks and connect the test trans 
mitter to the selector input and operate the system. This 
test will indicate whether the remote selector unit is capable. 
of receiving and re-transmitting the correct signal. 

F. Again, assuming all tests check out OK, the trouble obvi 
ously must exist in one of the common conductors between 
the selector and transmitter. These conductors should be 
completely disconnected from the remote selector and froni 
the transmitters, and continuity and insulation checks made 
on the conductors in question. 

Condition No. 4: Reading errors on one or more, bui 
not all, tanks.—This symptom usually eliminates any unit 
common to the entire system. The following check pro- 
cedure should be followed: 

A. Substitute one of the defective transmitter units with eithe: 
a known good transmitter or with a test transmitter unit 
and operate the system. 

B. If the above check did not provide a correct reading, th 
field wiring between the receiver or selector and the trans 
mitter units should be suspected; the field wiring should 
be disconnected and continuity and resistance checks made. 

When trouble is encountered in either system, the first 
and most important thing is to eliminate those links in 
the system which are not defective. 

For the remote-reading analog-type system, the three 
basic units are: (1) the receiver unit, (2) the field wir 
ing, and (3) the transmitter units. 

Frequently one or more of these units can be elimi 
nated by virtues of the symptoms reported. Whether this 
is possible or not, the most straightforward and reliabk 
method of determining the defective unit is by mean: 
of substitution of known good components. For example: 
if a given transmitter is suspected of causing trouble, i 
can be subsituted by a known good unit and, therefore 
prove or disprove the unit in question. Where the fielk 
wiring is suspected, it is possible to connect a transmitte: 
unit directly to the receiver, thereby eliminating the fiel« 
wiring from the test and proving whether or not it ha: 
any effect on the reading. 

The pulse-type systems have five basic components 
(1) the receiver unit, (2) the telemetering line to the re 
mote selector, (3) the remote selector unit, (4) the fiel 
wiring to the tanks, and (5) the transmitter units. 

Although slightly more complex, the pulse systems ca‘: 
be approached with the same common-sense line of rea- 
son, and the various links in the chain proven or dis 
proven by means of substitution. 

















* Economical “2 in 1” Design 


* Peak Performance 


‘x Absolute Protection 
* Maximum Interchangeability 


CONSOLIDATED SAFETY RELIEF VALVES GIVE YOU ALL FOUR—AND MORE 


Consolidated Safety Relief Valves satisfy every 
requirement of the most advanced processing 
facilities. Valve action is consistently positive. 
You get peak performance even where discharge 
lines are long or there is low “superimposed” 
back pressure in the relieving system! 


The Standard type can be converted to Bellows 
type in the field. Center-to-face dimensions of 
inlet and outlet are such that you can interchange 











these valves with the safety relief valves of other 
manufacturers. Real flexibility of application that 
cuts inventory costs! Optically-ground flat seat- 
ing surface and fewer functional parts than com- 
parable valves contribute greatly to easier, more 
economical maintenance. 


Get top economy and absolute protection with 
Consolidated Safety Relief Valves. Full range of 
sizes and pressures available. Write for Catalog 
1900 for complete information. 


CERTIFIED AND APPROVED. Both Standard and Bellows Valves are approved under 
API-ASME and ASME Unfired Pressure Vessel Codes and are certified by the Nationai 
Board of Boiler and Pressure Vessel Inspectors. 


In Canada: Manning, Maxwell & Moore of Canada, Ltd., Galt, Ontario 


LIDATED =-.:-- VALVES 


A product of MANNING, MAXWELL & MOORE, INC. TULSA, OKLAHOMA 


MAKERS OF ‘AMERICAN’ INDUSTRIAL INSTRUMENTS, ‘ASHCROFT’ GAUGES, ‘CONSOLIDATED’ SAFETY AND RELIEF VALVES 
‘AMERICAN-MICROSEN’ INDUSTRIAL ELECTRONIC INSTRUMENTS, Stratford, Conn. ‘HANCOCK’ VALVES, Watertown, Mass. 
AIRCRAFT CONTROL PRODUCTS, Danbury & Stratford, Conn. and Inglewood, Calif. ‘‘“SHAW-BOX’ AND ‘LOAD LIFTER’ CRANES, 














‘BUDGIT’ AND ‘LOAD LIFTER’ HOISTS AND OTHER LIFTING SPECIALTIES, Muskegon, Mich. 
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_thana cat! 
SES 


Designed—with 
fresh, new ideas 
—manvufactured 
with the newest, 
money-saving 
production techniques 


RELAYS 


rT wet e-faleleleli-miels 
oligo] a aat-laler— 
.. built to last! 


One of today’s most versatile relay lines, 
AEMCO relays are “first choice” for more 
than 100 of the top names in American in- 
dustry. Design and construction is tops—for 
only the finest materials are used in AEMCO 
relays. Specify AEMCO and you’re making 
your best relay buy. You'll profit by the 
newest production techniques that speed up 
delivery and save you money. You'll appre- 
ciate the prompt delivery on prototypes, 
the fast tool up for production. You'll find, 
too, that an AEMCO relay has more lives 
than a cat and is built to take it! Actually 
tested on the job, AEMCO relays are de- 
pendable and reliable . . . standouts for 
performance, 

AEMCO relays are available ina wide nen " 
spring and coil 
tials and contact ratings. Types ‘include: Seon, 
can, plug-in base, hermetically sealed, midgets, 
dual-purpose, delayed make or break, circuit con- 
trol, current and potential relays. Should one of 
the hundreds of AEMCO relay types fail to meet 
your exact requirements, we will be happy to 
design and build a unit to meet or exceed your 
specifications. 





Viele Joy 
For more information on the stand- 
ord AEMCO relay line, write for 
your free descriptive bulletin today! 





AUTOMATIC ELECTRIC MFG. CO. 
53 STATE ST. + MANKATO, MINNESOTA 
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July 22-28 


8th International Congress of Radiol- 
ogy, Mexico City, Mexico, For infor- 
mation write Jose Noriega, Tepic 126 
(2e piso), Mexico, D.F. 7, Mexico. 


July 23-27 


Gordon Research Conference on In- 
strumentation, American Association 
for Advancement of Science, - 7 
Junior College, New London, N 

For information write W. G. Parks, 
Dir., Gordon Research Conference, 
Dept. of Chemistry, University of 
Rhode Island, Kingston, R. I. 


July 23-August 11 


Wayne University Computation Labo- 
ratory, Summer Program, Wayne 
University, Detroit, Mich. For infor- 
mation write A. W. Jacobson, Dir., 
Computation Lab., Detroit 1, Mich. 


August 8-10 


Instrumentation Short Course at In- 
stituto Tecnologico y de Estudios 
Superiores de Monterrey. For infor- 
mation write Carlos Duhne, Head, 
Chemical Engrg. Dept., Instituto 
Tecnologico y de Estudios Superiores 
de Monterrey, Monterrey, N.L., Mexi- 
co. 


August 9-10 


Fifth Annual X-ray Analysis Sym- 
posium, sponsored by Denver Re- 
search Institute of Univ. of Denver, 
Denver, Colo. For information write 
James P. Blackledge, Denver Re- 
search Inst., Univ. of Denver, Denver 
10, Colo. 


August 15-17 


National Turbine Powered Air Trans- 
portation Meeting, sponsored by In- 
stitute of Aeronautical Sciences. For 
information write Inst. of Aeronau- 
tical Sciences, 2 E. 64th St., New 
York 21. ON. Y. 


August 19-24 


6th International Symposium on Com- 
bustion, Yale University, New Haven, 
Conn. For information write Combus- 
tion Symposium, Mason Lab., Yale 
U., 400 Temple St., New Haven 11, 
Conn. 


August 20-21 

National Telemetering Conference, 
sponsored jointly by IRE, AIEE, IAS 
and ISA, Ambassador Hotel, Los An- 
geles, Calif. For information write 
D. M. Cullar, Farnsworth Electron- 
ics Co., 3702 E. Pontiac St., Ft. 
Wayne, Ind. 


August 21-24 

1956 Western Electronic Show and 
Convention, Pan-Pacific Auditorium, 
Los Angeles, Calif. 


Events 


For other computer 
Events see page 134I. 


August 22-Sept. 1 

23rd Annual (British) National Radio 
Show sponsored by Radio and Elec- 
tronic Component Manufacturers Fed- 
eration, Earls Court, London, Eng- 
land. 


August 27-29 

11th annual meeting of Association 
for Computing Machinery at West- 
wood Campus, University of Calif., 
Los Angeles, Calif. For information 
write Assoc. for Computing Machin- 
ery, Box 3251, Olympic Sta., Beverly 
Hills, Calif. 


August 27-31 

7th Annual Infrared Spectroscopy In- 
stitute, Fisk University, Nashville, 
Tenn. 


September 

8th International Congress for the 
History of Science, Milan or Florence, 
Italy. For information write Pierre 
Sergescu, Secretary of Union, 7 Rue 
Daubenton, Paris 5e, France, or G. 
Ucelli, IUHS, Via Cappuccio 7, Milan, 
Italy. 


September 5-13 

9th International Congress of Applied 
Mechanics, University of Brussels, 
Brussels, Belgium. For information 
write Secretary, The American Soci- 
ety of Mechanical ee 29 W. 
39th St., New York 18, N. Y 


September 9-12 

National Meeting of American Insti- 
tute of Chemical Engineers, William 
Penn Hotel, Pittsburgh, Pa. For in- 
formation write American Institute 
of Chemical Engineers, 25 W. 45th St., 
New York 36, N. Y. 


September 9-16 

15th International Congress of Pure 
and Applied Chemistry, International 
Union of Pure and Applied Chemistry, 
Lisbon, Portugal. 


September 10-12 

Fall Meeting of American Society of 
Mechanical Engineers, Cosmopolitan 
Hotel, Denver, Colo. For information 
write American Society of Mechani- 
cal Engineers, 29 W. 39th St., New 
York 18; N.Y. 


September 10-12 

Information Theory Symposium 

sponsored by Institute of Radio Engi 

neers on campus of Massachusetts In- 

agg of Technology, Cambridge 
ass. 


September 10-17 

Symposium on Reliable Electrica’ 
Connections sponsored by RETMA or 
campus of University of Pennsyl 
vania, Philadelphia. For informatio 
write RETMA Engineering Ei a 1] 
W. 42nd St., New York 36, N. Y. 





Novem 
“hird 
ositio 
suildi1 
A 
timba 
ittsbi 


September 14 


International Conference on Fatigue 
of Metals, sponsored by the Institu- 
tion of Mechanical Engineers, Lon- 
don, England. For information write, 
Secretary, Institution of Mechanical 
Engrs., 1 Birdcage Walk, London 
S.W. 1, England. 


September 15-23 


4th International Instruments and 
Measurements Conference and Exhibi- 
tion organized by the Royal Academy 
of Engineering Sciences and the Swed- 
ish Association of Technical Physi- 
cists, will be held in Stockholm, Swed- 
en. For jnformation write Sven Mal- 
storm, P.O., Box 12035, Stockholm 12, 
Sweden. 


September 16-21 


130th National Meeting of the Ameri- 
can Chemical Society, Atlantic City, 
N. J. 


September 16-22 


2nd Pacific Area National Meeting of 

the American Society for Testing Ma- 

— Statler Hotel, Los Angeles, 
alif. 


Sept. 17-21 


11th Annual Instrument Society of 
America Conference and Exhibit, New 
York Coliseum, New York, N. Y. For 
information write William H. Kush- 
nick, ISA, Granite Bldg., 313 Sixth 
Ave., Pittsburgh 22, Pa. 


September 20-21 


IRE Professional Group on Nuclear 
Science 8rd Annual Meeting, Mellon 
Institute Auditorium, Pittsburgh, Pa. 


September 23-26 


Petroleum-Mechanical Engineering 
Conference, sponsored by American 
Society of Mechanical Engineers, Con- 
rad Hilton Hotel, Dallas, Texas. 


September 24-25 


Industrial Electronics Conference, 
sponsored by Institute of Radio Engi- 
neers and American Institute of Elec- 
trical Engineers, Hotel Manger, 
Cleveland, Ohio. 


September 24-28 


foint committee for Automatic Con- 
trol of German Association of Elec- 
tronic Engineers, (VDE) and German 
Hngineers Society (VDI) Conference 
n Automatic Controls, -Heidelburg, 
(rermany. For information write Ver- 
cin Deutscher Electrotechniker (VDE) 
Osthofenplatz 6, Frankfurt 2/main, 
West Germany. 


September 30-October 2 


all convention and Co-Exhibit of 
\merican Congress on Surveying and 
Iapping and American Society of 
‘hotogrammetry, Shirley-Savoy Ho- 
tel, Denver, Colo. 


November 26-30 


‘hird International Automation Ex- 
osition, New York Trade Show 
suilding, 500 8th Ave., New York, 
Y. Y. For information write Richard 
‘imbach Associates, 845 Ridge Ave., 
ittsburgh 12, Penna. 





HEISE GAUGES 


The inherent stability of 


the Heise Gauge movement and the 


M) 


elimination of significant hysteresis effect 


I 


in the integrally mounted Bourdon Tube 


Wy 


give. the Heise Gauge its ability to indicate 
faithfully the most minute pressure variations. 
The scientific design of the Heise Bourdon Tube 
section and its weldless construction from 
carefully selected and heat treated metals is an 


exclusive Heise feature. 


“i 


Custom designed to meet your 


\ 


specific needs, this gauge will register precisely 
liquids, gases or mercury. 


iN 


s 


‘N 


Convenient adjustment of the 


dial may be used to compen- 


sate for barometric changes. 


Pressure Ranges 
15 to 20,000 P.S.I.” 


DIAL SIZES 
8" oe? 127 Fish 16” 


PRICES 
from $151.60 


ies As den as Catalog on Request 


“HEISE BOURDON TUBE COMPANY, INC. 


ECTICUT, U.S.A. 


_ BROOK ROAD, NEWTOWN, CONN 


oe 5 5 Ae aim, Mic S . j 
a Se eS vs ie Caeae Ge tk Fe ed 
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Amplifiers ........ ies Electromechanical Nucleonics .................. 1366 
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Electrical Testing 
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Weighing .... 


FOR FURTHER INFORMATION USE THE POSTAGE-F FREE ORDER CARD ON PAGE 1433 


PROCESS MEASUREMENT and CONTROL 





MINIATURE CONTROLLER 


New “Model 6140 Miniature Porta- 
ble Controller” features application 
flexibility; consists essentially of an 





ultrasensitive electronic switch; will 
control up to 500 watts of power, 
either delivered at 115 vac 60 cps, or 
switched by its internal contacts. 
Rotary switch allows rapid panel se- 
lection of any of four output func- 
tions: power normally on or normally 
off, or switching normally open or 
normally closed. Convenience plug out- 
let is provided at back; fusing and 
pilot indicators are provided for in- 
put and output. Variations are avail- 
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able, including function selector 
switch lock to prevent tampering, 
also a reduced cost model with a 
single output function. y» Various 
pickups include “Model 6130 Photo- 
Electric Detector,” an ultra-minia- 
ture element of high sensitivity; and 
“Model 6120 Proximity Detector” for 
counting, liquid-level control and nu- 
merous other uses.—Autron Engi- 
neering, Inc., 1254 W. 6th St., Los 
Angeles 17, Calif. 


For more information circle 201 on inquiry card. 
DIGITAL INDICATOR FOR 
PROCESS VARIABLES 
New ‘Model 202A Time-Function 


Translator” makes possible direct 
measurement of any electrical, me- 



















chanical or optical events which can 
be converted into a varying voltage: 
it permits direct read-out of unknown 
values by automatically translating 
one function of time into another 
function of time. It automatically 
translates calibration factor of vari- 
ous pickups to provide direct read- 
out. It is said to be ideally suited for 
tachometer applications and for use 
with turbine-type flow measuring de- 
vices which generate pulses directly 
proportional to rate of flow. Many 





other. process and machine applica- 
tions will suggest themselves.—Com- 
puter-Measurements Corp., 5528 
Vineland Ave., North Hollywood, 
Calif. 


For more information circle 202 on inquiry card. 


DIGITAL INDICATOR FOR 
PROCESS VARIABLES 
New “Model 309 PTF Digital Com 


puter,” specifically designed for us« 
with the frequency signals from mak 
















er’s “Vibrotron” electronic gages it 
advanced data processing systems, is 
of frequency-counter type; is smal 
(19” wide for standard relay rack 
mount) and low-priced. It indicate: 
pressure, temperature and flow di 
rectly in numbers from 000 to 999 ir 
steps of 1, thus providing a percent 
age type indication. Performance i; 
read instanily and no external trans 
lation is required. For example, a 
pressure goes up at sensing point 
numerical read-out is shown as ai 
exact percentage increase. New com 
puter can be used in conjunction wit! 
a printer or electric typewriter.— 
Byron Jackson Electronic Div., Borg- 
Warner Corp., Los Angeles 54, Calif. 


For more information circle 203 on inquiry card 


GAS ANALYZER 


New “Model 7C” thermal conduc 
tivity type gas analyzer can be usei 
to measure a number of process 









stream gases such as carbon dioxide, 
hydrogen, ammonia, etc. Instruments 
are designed individually to meet re- 
quirements of each application; are 
available with single or multipl: 
ranges. With a choice of three oui- 
puts, virtually any recorder or indi- 
cator can be used. Standard output 
is 0-5 mv dc; analyzer can also be 
supplied with an auxiliary amplifier 
for current output or with an electr«- 
pneumatic transducer for air outpu . 
—Arnold O. Beckman, Inc., 1020 Mi:- 
sion St., South Pasadena, Calif. 


For more information circle 204 on inquiry car. 
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DIGITAL CONVERSION KIT 


New “packaged” digital conversion 
of Minneapolis-Honeywell “Series 156 
Circular Scale Indicators” is designed 


Sc 
for use in automatic data logging, 
cata processing, and control systems. 
sll conversion equipment is contained 
vithin the original instrument hous- 
iig. Optional integral damping device 
sappresses input level fluctuations 
from transmitters without affecting 
speed of balance. Decimal digit out- 
}ut data are suitable for direct input 
to IBM Summary Punch, electric 
typewriter, Clary printer, etc., Power 
required is less than 200 watts.— 
Hanson Gorill-Brian, Inc., 85 Hazel 
St, Glen Cove, N. Y. 


for more information circle 205 on inquiry card. 


PNEUMATIC RATIO RELAY 


New “Model 3-15 Ratio Relay,” 
for pneumatic control applications, 
produces a true linear change in out- 


put when using “suppressed” ranges 
such as 3-15 psi; enables operator to 
adjust ratio between input and out- 
put signals in control systems such 
as combustion fuel-to-air, gas mix- 


ing, proportional chemical feeding, 
eic. Features: (1) true ratioing 
around 3 psig input and output bias 
pressures; (2) precision fulcrum 
drive for exact ratio adjustment; (3) 
compatible with any pneumatic sig- 
nal system whose range is between 
0 and 20 psi; (4) simple method of 
atering suppressed scale setting if 
desired, between 0 and 6 psig.—Ha- 
gin Corp., Hagan Bldg., Pittsburgh 
3), Pa. 


For more information circle 206 on inquiry card. 


SOAKING PIT COVER CONTROL 


New system for opening and clos- 
iig soaking pit covers from a crane 
cperates over existing power sys- 








Compact, Practical Gauges For 
Moderately Reduced Pressures 


DUBROVIN VACUUM GAUGES 


No. 1451C. 
Table Mounting 


Pressure 
Range 
mm of Hg 
0.50 to 20 6 1 


e Range: 0.2 mm To 20 mm of Hg 
e Two Sensitivities Available 


e Far More Sensitive Than Mercury Manometer 


Pyrex-Brand or Soft-Glass Construction 
Table or Wall Mounting 


The Dubrovin Gauge indicates the pressure contin- 
uously, may be left in the system indefinitely, and 
is not damaged if the line is suddenly opened to 
atmospheric pressure. It is simple to install and con- 
venient to use. A typical application for which it 
has proved especially convenient is the filling of 
tubes with gas at a specified pressure, as in the lu- 
minous-tube industry. It is useful wherever a sen- 
sitive gauge of this range is needed. 


There are two basic types, one 9 times and the 
other 6 times as sensitive as a mercury manometer. 
Because of this “‘magnifying factor”, the gauge is 
as sensitive as a manometer which uses a liquid of 
low density, but has the advantage of using mer- 
cury which dissolves very few organic or inorganic 
vapors and which requires no conversion factor. 
Unlike mechanical or optical magnifying devices, 
any small errors due to capillarity, adhesion, etc., 
are not magnified. The smallest division on the 9-to- 
1 type is 0.2 mm and on the 6-to-1 type is 0.5 mm 
of Hg. Fractions of these values may be estimated. 
Both types are avai:snie with Pyrex-brand or soft 
glass in either a table or wall mounting. 


The Dubrovin Gauge consists of a stainless-steel 
cylinder, of small diameter and closed at one end, 
floating vertically in mercury with its open end sub- 
merged and with the air evacuated from the cham- 
ber thus formed. The outer tube, in which the cyl- 
inder and mercury are enclosed, is of glass mounted 
in a metal frame and connected to the vacuum 
line. An adjustable scale on the metal frame is read 
by an indicator at the top end of the floating cyl- 
inder, 


To set up, the gauge is first evacuated by a good 
mechanical pump to about 1 micron while being sup- 
ported on its side so that air will be removed from 
the floating cylinder. It is then set upright and the 
scale adjusted until the index reads zero. The 
gauge may then be opened to atmospheric pressure 
and installed in any vacuum line, care being taken 
not to incline it such that air re-enters the float. 


Material 
of outer 
tube 

soft glass 
Pyrex Brand 
soft glass 
Pyrex Brand 


Mere. 
Req’d, 
Lbs. 


Magni- 
fying 
Factor 


” ” 


soft glass 
Pyrex Brand 
soft glass 
Pyrex Brand 





No. 1451H. 


Wall Mounting 


Mount- 


ing 


Table 
Wall 


Table 
Wall 


W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W M WELCH MANUFACTURING COMPANY 
ESTABLISHED 1880 
1515 Sedgwick Street, Dept. B, Chicago 10, Illinois, U.S.A. 


Manufacturers of Scientific Instruments and Laboratory Apparatus 


Each 


$44.50 
44.50 
44.50 
44.50 


52.50 
52.50 
52.50 
52.50 
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‘How can you compare a Pritchard 
Hydryer. with a filter on a cigarette?” 


second, because moisture in our air lines can cau:e 
corrosion and freeze-ups in cold weather.” 


“You know how a cigarette filter removes unwanted 


materials in your smoke? Well, the Pritchard Hy- . 


dryer removes or ‘grabs’ the moisture in the air we 
use to operate our instruments.” 


“Is this ‘grabbing’ action the same in both?” 


“Not exactly. You see the ‘grabbing’ action, as you 
call it, in the Hydryer is accomplished by an adsorp- 
tion process in which solid adsorbents are used to 
reduce the moisture content of the instrument air 
stream. In a cigarette, the filtering is purely a me- 
chanical action.” 

“Why are we so interested in dry air for our instru- 
ments?” 

“First, because our precision instruments must have 
exceptionally dry air to operate accurately, and 


For more inforn 
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“How about the capacity of our Hydryer?” 


“Right now we're getting air delivered continuous'y 
with a dew point temperature not in excess >of 
—20°F.; capacity, 420 CFM at standard condition;; 
pressure 100 psig; temperature, 80°F.” 

9 


“No more frozen or corroded air lines for us then.’ 


“Not with our Pritchard Hydryer.” 


J. F. PRITCHARD & CO. OF CALIFORNIA 
4625 Roanoke Parkway, Kansas City 12, Mo. 


ation circle 54 on inquiry card. 
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“How can 
you compare 
a Pritchard 
Hydryer 
with a 

filter 

ona 
cigarette?” 


The Pritchard HYDRYER , 


Unmatched for Continuous 
Delivery of 
Dry Instrument Air! 


€ 


Precision automation instruments demand 
a constant source of extremely dry air for 
accurate operation. The Pritchard HY- 
DRYER has proved its ability to deliver 
air that is free from damaging moisture. 
Only in a Pritchard HYDRYER do you 
get all of these features: 
@ xo wasteE—100% of all air or gas enter- 
ing the HYDRYER is dried without loss. 
@ FULL LINE PRESSURE REACTIVATION — 
Pressuring and depressuring of adsorb- 
ers between cycles is eliminated. 
PURGING ELIMINATED— The Type A 
HYDRYER uses inlet main air stream- 
ing for reactivation. 
LONGER ADSORBENT LIFE. 
REACTIVATED GAS PRE-HEATED 
NO MOVING PARTS 
SIMPLIFIED OPERATION 
REDUCED EQUIPMENT AND LINE SIZES 


,+. plus many more advantages. 


SEND 
FOR 
BULLETIN 





Write today on your company letterhead 
for Pritchard bulletin No. 16.0.081. This 
complimentary bulletin tells you the many 
ways HYDRYERS can help you selve your 
instrument air problems. 





cs 


OF CALIFORNIA 


A DIVISION OF J. F. PRITCHARD & CO. 


Dept 519, 4625 Roanoke Parkway 
Kansas City 12, Mo. 


LING "“OWERS _ 
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GAS & AIR TREATING EQUIPMENT | 
ESENIATIVES IN PRINCIPAL CITIES FROM COAST TO COAST | 


tem; will select and operate up to 
fifty separate covers from a soaking 
pit crane. Installation can be made 
for a few or many soaking pits. Ad- 
vantages include time-saving, safety, 
increased production, improved coor- 
dination and better teamwork. Spe- 
cific feature is that pit cover can be 
opening while crane is approaching 
pit.—Femco, Inc., Irwin, Pa. 

For more information circle 207 on inquiry card. 


WEATHER-TIGHT CABINETS 


New “Weather-Tight” case can be 
supplied for thermal monitors and 
other ‘“Polypoint”  electric-contact- 


FRB 


type indicating controls. One to four 
“Simplytrol” or “Versatrol” controls 
ean be included.—Assembiy Prod- 
ucts, Inc., Chesterland, Ohio. 


For more information circle 208 on inquiry card. 


GAS ANALYZER AND ALARM 


New self-contained portable .ana- 
lyzer and alarm system for combus- 
tible gases, for use in or near hazard- 
ous locations, features continuous 
sampling system operated by motor- 


6740 


driven pump mounted inside unit; 
visual and audible “high gas” signals; 
easily-read scale calibrated 0 to lower 
explosive limit, showing gas or vapor 
concentration at all times; built-in 
“trouble-indicating” circuit.—Davis 
Instruments, 47 Halleck St., Newark 
4. Ne J. : 


For more information circle 209 on inquiry card. 


OPERATIONS RECORDER 

New “Model MD-Jr” features 
slightly spiral tracings (4%” per drum 
rotation) whereby stylus produces 


more than 400 linear inches on an 
easily-filed 6”x13” chart. On model 
with 24-hour drum rotation, chart 
speed is more than %” per hour. Cor- 
responding periods of all hours and 
days throughout one entire month can 
be compared directly above or below 
one another. Signal response to 5 per 
second. Motor 115 v 60 cps. Coil (as 
ordered) 6 to 120 vac or de or 5000 
ohms for electronic use. Other kymo- 
graphs with speeds from 4 minutes 
to 5 years per drum rotation.—Gorrell 
& Gorrell, Haworth, N. J. 


For more information circle 210 on inquiry card. 


PROCESS REFRACTOMETER 


New “Differential Refractometers,” 
for continuous monitoring of process 
plant streams, continuously measures 


difference in refractive index between 
a flowing liquid sample and a refer- 
ence liquid, thus monitoring changes 
in sample. It comprises a sealed op- 
tical system, photocell detection, tem- 
perature compensation and a _ null 
balancing system for maximum accu- 
racy. It is explosion-proofed. Sample 
cell is readily accessible. Kesults can 
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be read directly from a dial or a 
remotely located recorder. Three 
models with ranges of limiting sen- 


sitivities covering 0.0001, 0.00001, 
0.000662. Accuracy is better than 
0.5%.—Barnes Engineering Co., 30 
Commerce Rd., Stamford, Conn. 

For more information circle 211 on inquiry card. 


TEMPERATURE 





TEMPERATURE CONTROLLER 


New “Automatic Controlling Py- 
rometer” utilizes a photoelectric prime 
relay imposing no mechanical or elec- 










7403 


trostatic or electromagnetic force on 
pointer. Load relay has 15-amp rat- 
ing. Choice of thermocouples and 
ranges. Instrument will always fail 
safe (including TC failure). TC cir- 
cuit resistance compensation assures 
accuracy over entire scale——The Jel- 
rus Co., Inc., 1386 W. 52nd St., New 
York 19, N.Y. 


For more information circle 212 on inquiry card. 


MAX-MIN THERMOMETER 


New “Model 581-F Pandux Record- 
ing Maximum-Minimum Thermome- 
ter’ features a replaceable paper 









chart on which temperature excursion 
is permanently recorded; comes in 
two ranges: —50°F to 250°F or 
—50°C to 100°C.—Pacific Transducer 
Corp., 11836 West Pico Blvd., Los 
Angeles 64, Calif. 


For more information circle 213 on inquiry card. 


EQUIPMENT THERMOSTAT 


New “Klixon 201 Series” is said to 
be “ideal for original equipment man- 
ufacturers who are concerned with 
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volume usage suitable for an engi- 
neered thermostat application,” fea- 
tures factory-preset temperature set- 
tings from 80°F to 300°F, positive 
snap-action operation, and low cost. 
Ratings: 10 amp resistive, 110 vac, 
6,000 cycles; 5 amp resistive, 240 vac, 
50,000 cycles.—Spencer Thermostat 
Div., Metals & Controls Corp., Attle- 
boro, Mass. 

For more information circle 214 on inquiry card. 


TC REFERENCE JUNCTION 


New “Model RJ-1 Thermocouple 
Reference Junction,” for use with 
multi-channel temperature measuring 





















systems, provides a thermostatically- 
controlled RJ, obviating need for cold- 
junction compensation and _ ice-bath 
maintenance; includes 24 TC’s with 
choice of I-C, C-A or C-C in each of 
twelve independent circuits. At ref 
temp of 150°F, for which TC tables 
are available, rated accuracy is 0.5 F 
deg. under normal ambient condi- 
tions—Pace Engineering Co., 6914 
Beck Ave., North Hollywood, Calif. 


For more information circle 215 on inquiry card. 


HEATER-THERMOSTAT 


New QT” single- 
unit immersion heat- 
er and thermostat, 
prewired and ready 
to be connected into 
any available cir- 
cuit, is suitable for 
use in both small 
plating tanks and in 
an independent se- 
ries in large tank in- 
stallations. In large- 
area tanks, individ- 
ual portable units 
assure uniform heat 
distribution. Worn- 
out elements are 
vasy to replace.— 
N. J. Thermex Co., Inc., 533 coco 
St., Harrison, N. J. 


For more information circle 216 on inquiry card. 















TEMPERATURE INDICATOR 


New “Model 385-3L,” an adaptation 
of maker’s “Model 385,” features 
three primary elements which can be 
placed in different locations, and : 
selector switch. One element might be 
put in a refrigerator’s freezer com 
partment, another in a central posi 
tion in box, and the third in botton 
area of refrigerator. Range —50°} 
to 70°F.—Simpson Electric Co., 520 
W. Kinsie, Chicago 44, IIl. 


For more information circle 217 on inquiry card 


SNAP-ACTION THERMOSTAT 


New “Uni-Therm” thermostat de 
signed for appliances requiring posi 
tive snap-action at a predetermine 











temperature will “remake” with 

predetermined differential; feature: 
quick thermal response by reason 0 
metal-to-metal contact with heate 
surface; is available in any calibra 
tion up to 550°F; rating 1500 watt: 


on 115 or 230 vac; limited de ratings. 


—Westinghouse Electric Corp., P. O 
Box 2099, Pittsburgh 30, Pa. 


For more information circle 218 on inquiry card 


PRESSURE 
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MULTI-PRESSURE CALIBRATOR 


New Pressure Calibrator will per- 


form many functions. As a calibrat 
ing unit, it will supply one or severa! 


















pressures to one or more instrument 
to be calibrated. Pressures can b 


varied at will. Depending on mode. 


selection is accomplished either b 
electrically or by manually operatin:. 
valves. As an indicator, it will cor- 
tinuously and accurately monitor on: 


pressure on each channel. Its prec - 


sion dial manometer can always b: 
switched into any channel for a pre- 


cise indication, or for exact balanciny 
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+ MALLORY & OO, inc. 
Ons KaRRVIOWN, WY 








Unique ‘“‘snap together’ cell 
design* brings new economy to 
Mallory Mercury Batteries .. . 
now ready in ‘‘B”’ battery volt- 
ages at low cost. 


Higher Voltage and Lower Costs 
Available in New Mallory Mercury Batteries 


Mantory MERCURY BATTERIES—with their 
exceptionally long shelf and service life—are 
now economically practical as a miniature 
power source at ““B”’ battery voltage ratings. 
The secret is a unique new construction. 
Hermetically sealed unit cells are stacked 
together at the factory to make miniature 
batteries of any required voltage, in varied 
physical shapes. Automated production, 
under precise control, makes it possible for 
these new batteries to offer hourly operating 
costs substantially less than usual miniature 
zine-carbon types. 


In reliability, the Mallory mercury batteries 
far exceed conventional types. Shelf life is 
five times as long. Service life, too, is much 
greater. On continuous drain in a transistor 
radio, for example, the Mallory mercury 


Parts distributors in all major cities stock Mallory 
standard components for your convenience. 


Serving Industry with These Products: 


battery outlasts three ordinary batteries. A 
unique feature of the mercury cell system is 
that it can be miniaturized without sacrifice 
of dependability or uniformity. 


Their constant-voltage, constant-current dis- 
charge makes these batteries ideally suited 
for transistor circuits. Because of their 
accurate, steady voltage, they are useful in 
instrument circuits as a voltage reference 
source, and as a bias cell for vacuum tube 
circuits. 


New Mallory mercury batteries are supplied 
in 15, 2214 and 45 volt ratings, in the same 
case sizes as standard carbon miniature bat- 
teries. They can also be made readily in other 
voltages and case sizes, to your own require- 
ments. For complete data, write or call 
Mallory today. 


*Patent applied for 


Expect more...get more from 





ais MALLORY ry ‘CO. inc. 


Electromechanical—Resistors ¢ Switches ¢ Tuning Devices ¢ Vibrators 
Electrochemical—Capacitors ¢ Rectifiers @ Mercury Batteries 
Metallurgical—Contacts @ Special Metals and Ceramics ¢ Welding Materials 


P. R. MALLORY & CO., Inc., BATTERY DIV., NORTH TARRYTOWN, N.Y 


For more information circle 55 on inquiry card. 
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of several pressures. A special design 
feature, which finds particular use in 
test facilities, permits each channel 
to be changed from a monitor to a 
calibrator by a single switch. Many 
models available, including “complete- 
ly custom” models.—Lee Engineering 
Co., PO Box 3092, Ventura, Calif. 


For more information circle 219 on inquiry card. 


PRESSURE PICKUP 


New “Type P- 
478 Pressure 
Transducer,’’ 
made of stainless 
steel, features 
flush diaphragm 
integral with 
body, allowing 
pickup to be 
~ mounted in air- 
craft skins, pressure vessels, pipes, 
etc., without, obstructing flow or caus- 
ing turbulenee. Output voltage is 
linear, is substantially higher than 
that of strain-type pickups. Deflec- 
tion-measuring element is maker’s 
“Linear Variable Differential Trans- 
former.” No mechanical linkages, 
hence no errors due to friction and 











wear. Natural frequencies from about 
2000 cps for lowest range to above 
10,000 cps for ranges above 300 psi. 
Sensitivity for 100-psi unit is about 
10 mv/v full-scale or 1 mv/psi at full 
input of 10 v at 10 ke.—Schaevitz 
Engineering, P. O. Box 505, Camden 
LN ad. 


For more information circle 220 on inquiry card. 


HI-TEMP PRESSURE PICKUP 


New “Type 4-316” pressure pickup 
is said to “more than double the exist- 
ing temperature range for this type 





of transducer,” operates continuous- 
ly up to 600°F; is available in both 
gage and differential types; weighs 
15 grams with its 30” of insulated 
permanently-attached 4-conductor 
cable-—Consolidated Electrodynamics 
Corp., 300 N. Sierra Madre Villa, 
Pasadena, Calif. 2 

For more information circle 221 on inquiry card. 


FLOW-RATE, VOLUME LEVEL, WEIGHING 





ARMORED FLOW INDICATOR 


New “Model 3602” 
armored flow indica- 
tor, for purge service 
or flow-rate indication 
of hazardous fluids at 
pressures up to 1500 
psig and temperatures 
to 400° F, has no glass 
parts in contact with 
metered fluid: flow 
is indicated by tubular 
follower magnetically 
coupled to extension on 
tapered plug in fixed 
orifice which measures 
flow-rate. Positive O- 
ring seal eliminates 
stuffing boxes: Stand- 
ard flow rates from 1.5 to 180 gph of 
water in single meter body by five 
plug-and-orifice sets. Easily disas- 
sembled for cleaning or range change 
without removal from pipe-line. 
Stainless steel, carbon steel or brass. 
—Brooks Rotameter Co., Lansdale, 
Pa. 

For more information circle 222 on inquiry card. 


BIN LEVEL CONTROL 


New “No. A-135-134 Photelectric 
Control Unit” uses curved Lucite 
rods to conduct light around corners 
for bin level control of granular ma- 
terials, flakes, powders and small 
dry solids of all kinds. Light source 
and phototube are both mounted in 
“sensing head.” Installation merely 
requires slots in bin wall for Lucite 
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rods and mounting holes for attach- 
ing head. Gaskets can be used to 
make a tight seal—The Autotron 
Company, Box 722-CC, Danville, Il. 


For more information circle 223 on inquiry card. 





LIQUID LEVEL INDICATOR 


“New “Model LI- 
800 Level Indicator” 
is easy to install; 
can indicate high 
and/or low level 
and, if desired, any 
number of interme- 
diate levels. As foam 
plastic float moves 
up or down indicator 
stem and passes pre- 
selected points, her- 
metically-sealed 
switches are actu- 
ated. These can flash 
lights or sound horns 
or, through relays, 

















command pumps or other power-driv- 
en equipment.—Gems Company, 64 
Welles Drive, Newington, Conn. 

For more information circle 224 on inquiry card. 


FLOW INDICATOR & SWITCH 


New “Model FI-900” indicator is 
capable of reliably detecting flow as 
small as 1 gph. Flow through unit ac- 
tuates a switch that can be used to 
actuate a pilot light or other warn- 
ing device or—with suitable relays— 
to operate a control element. Instru- 
ment operates on a pressure differen- 





7373 


tial of less than % psi. Standard 
models are offered for 3%” pipe and 
tube connections; %” and 14” availa- 
ble on request. Operation on all 
standard models can be set at any 
desired point from 5 to 50 gph.— 
Gems Co., Newington, Conn. 

For more information circle 225 on inquiry card. 


FLUSH-FEEDER 


New Flush-Feeder handles high- 
concentration slurry solutions and 
corrosive liquids. With it, a fairly 






CONCENTRATED 
SLURRY, 
TANK 


FLUSH 
FEEDER 





INJECTION 
N 


Le 


qj 
1 Ya 1.PT. 

















small make-up tank can often hold 
enough slurry for several days’ opera- 
tion, minimizing operator surveillance. 
Slurry cannot enter primary displace- 
ment cylinder. Only water (or com- 
patible fluid chosen for flushing) 
passes through reagent ends of Du- 
plex Chem-O-Feeder.—Proportioneers, 
Ine., 345 Harris Ave., Providence, 
Ye! B 


For more intormation circle 226 on inquiry card, 


INDUSTRIAL SCALES 


New models represent a major ex 
pansion of “Hydroscale” line, which 
now includes 110 models, with capac- 








a 














AVIONIC 


FREQUENCIES 


PRECISION FORK 


FREQUENCIES 
240-400-500-1,000 cy. 





ACCURACIES 
Type 50 +.02% (—65° to 85°C) 
Type R50 +.002% (15° to 35°C) 


Requires double triode and 
5 pigtail components 


Size, 1” diameter x 3%” high 
Weight, 3.5 ounces 


Tiit 
same 


TIll 
TTI 
g as 






































FREQUENCIES: ......... 50 to 1,000 cycles 
ACCURACY: ..+.002% (+15° to +35°C) 
OUPBUEs: Kccccssicckeees 115V, 75 Watts 
PNBU RS ec cccecces 110V, 50 to 75 cycles 
SIZE: .with cover... .10”’x17"x9” high 
PANEL model,. .10”x19”x8%4” high 
WEIGHE:? «..<. endear 25 pounds 


This organization makes frequency 
standards within a range of 30 to 30,000 
cycles. They are used extensively by 
aviation, industry, government, (armed 
forces) where maximum accuracy and 
durability are required, 


American Time Products 


Tare 
580 Fifth Avenue, New York 36, N. Y. 


es me ad iD 


MUlllin, on 


For more information circle 56 


POWER 


75 Watt 


FREQUENCY STANDARD 


TYPE 2t11C 











































































































INDUSTRIAL 


d 7 FREQUENCY 
is STANDARD 
4 TYPE SOL 
FREQUENCIES 
50-60-75 or 100 cy. 
ACCURACIES 
TYPE 50L 
+.02% (—65° to 85°C) 
TYPE RS50L 
+.002% (15° to 35°C) 
INPUT: 150 to 300V, B (6 V at .6 amps.) 
OQURPUT: < cccees 2V into 200,000 ohms. 
SIZE: ..3%”"x412"x5 14” high. Wegt., 2 lbs. 





a 


LBS 


* American Time Products, Inc. 


' 580 Fifth Ave., New York 36, N. Y. 
Gentlemen: Please send details on your Type. 





Name. 











on inquiry card. 
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ities from 500 to 200,000 lbs.—Hydro- 
way Scales, Inc., 20624 W. 8 Mile Rd., 
Detroit 19, Mich. 

For more information circle 227 on inquiry card. 


BATCHING SCALE 


New “Model 700N Batching Scale” 
employs a unique rotary type feeder 
for charging a gateless tipping type 


weigh bucket. A cycle timer automa- 


tizes the weigh bucket’s charging and 


discharging. “Model 700N” has no 













knife-edge pivots, therefore can han- 
dle millions of weighings without any 
loss in seale accuracy or sensitivity 
and is especially suitable when han- 
dling products which are dusty, cor- 
rosive or abrasive-—Thayer Scale & 
Engineering Corp., Rockland, Mass. 


For more information circle 228 on inquiry card. 


TIME, SPEED, COUNT 





1-DAY TIME SWITCH 
New “TSA-40” heavy-duty general- 
purpose time switch, featuring great- 
er reliability at less cost than its pre- 





decessor (“T-27’), is suitable for in- 
door and outdoor use. ‘Télechron” 
4-watt motor, with permanent sili- 
cone-grease lubricant sealed-in, has 
positive operation from —50°F to 
150°F. Switch is furnished with ei- 
ther a plain dial for fixed time set- 
ting or an astronomic dial for dusk 
and dawn schedules. One or more 
days can be skipped during a week 
of operation—IJnstrument Dept., 
General Electric Co., West Lynn, 
Mass. 

For more information circle 229 on inquiry card. 


1-DAY TIME SWITCH 


New “5B” 7-day time switch auto- 
matically regulates a complex weekly 
program involving from 1 to 6 daily 
on/off operations: heating, ventilat- 
ing, air-conditioning; attic fan; re- 
frigerator defrosting; factory flood- 
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lights; hall and stairway protective 
night lights; etc. Each day’s schedule 
(which can be varied or omitted) is 
independent of every other day’s 
schedule.-—General Controls, Skokie, 
Ill. or Glendale, Calif. 


For more information circle 230 on inquiry card. 


STOP CLOCKS 


New “K15300 Series” stop clocks 
with electrical reset, equipped with 
maker’s “5600 Series Chronometrical- 





7387 


ly Governed D.C. Motors,” are accu- 
rate to 0.20% of reading plus or 
minus 20 ms from —55°C to 85°C, 
over wide voltage variations. Electri- 








cal reset permits local or remote con- 
trol or automatic operation for meas- 
uring successive time intervals. Clocks 
can be used successfully for calibra 
tion, test rigs, etc —A. W. Haydon 
Co., Waterbury, Conn. 


For more information circle 231 on inquiry card 


SPEED REDUCER 


New “Step-Function Speed Reduc 
tor” is said to combine versatility ot 
a continuously-variable speed driv 









with positive drive and exact repeat 
ability of a geared unit. Any of eighi 
speed ratios can be dialed withou' 
stopping input drive shaft. Unit ha: 
torque capacity in excess of 30 ounce 
inches and is recommended for input 
speeds up to 500 rpm. Reduction ratio: 
up to 1500 to 1 are available.—Insc 
Co., Div., Barry Controls Inc., Groton 
Mass. 

For more information circle 232 on inquiry card 


ELECTRIC TACHOMETER 


New “Tachometer Indicator” is a 
hermetically-sealed remote-indicating 
unit for engine speeds from 0 to 400( 


ad 












7S 
rpm; in a 2” case 4%” long; weigh: 
0.9 lb; meets MIL-I-7098 and MIL-I 
7186 and will withstand all basic en 
vironmental tests.—Burton Mfg. Co. 
Colorado Ave. at 26th St., Santa Mon 
ica, Calif. 


For more information circle 233 on inquiry card 


" ADJUSTABLE-SPEED DRIVES 


New “Adjusto-Spede” FHP drives 
with integral electrically-operatec 
fail-safe friction brakes meet neec 
for fast stopping or cycling opera 
tions; combine an ac constant-speec 
induction motor, eddy-current cou- 
pling, friction brake and electronic 
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Here’s THE basic V-R “COUNTER-PACKAGE 
for INDUSTRY... 





SMALL RESET COUNTER 
A compact, rugged reset counter for moderate 
duty in Parts inspection, quality control, con- 
veyors, machine tools, light Presses, etc, 


Dimensions: 14," long, 11%," high, 1%," 
wide 
Speed: Up to 1000 counts per minute, 


RESET MAGNETIC COUNTER 
For remote indication of machine Operation 
from plant to Office. 
Dimensions: 31%," long, 2%" high, 154" 
wide. 


Speed: Up to 1000 counts per minute, 


Coils: 110V-AC are standard. Other voltages 


are available. Pane/ mounting feature also 
available, 


HAND TALLY 


For quick Spot-checks of Production or per- 
formance. 


Dimensions: 1174," long (to end of reset 
knob), 1%" deep, 2” high. 


Counts one for each depression of the thumb 
lever, and resets fo zero by a turn of the knob. 


For punch press installations, conveyors, metal. 
working equipment, die casting, plastic. 
molding, rivet, spring and wire machining, or 
any installation requiring a heay y duty counter, 
Dimensions: 4%" long, 2%2" high, 33%" wide. 
Speed: 500 counts per minute. 


CLUTCH SPEED COUNTER 
ecking to make sure that the machine is 
operating at the required R.P.M., 


Dimensions: 3y,” long, %" max. diameter, 
Non-Reset, 


For ch 


BOX-TYPE RESET COUNTER 























Internal clutch Operates counter only when 
rubber tip is Pressed against the shaft. 








i -Root Counters in in- 
t widely used Veeder: 
a dade immediately available from — sage 
“—: : : 
beg Supply Distributors. inayat ae 
= nical, electrical and manual counters os + heey 
se , ent, time stu i 
i nd control, wage payment, — 
pin tah you can profitably apply — — py 
pen machine, operation, process or system i * set 
b- tt Industrial Supply Distributor. Or wri 
your 0 
Inc., Hartford 2, Conn. 
Everyone can count on 


VEEDER-ROOT 


j a inquiry card. 
For more information circle 57 on inqu 


) Industrial S upply Distributor 
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Insist on Standard 


VEEDER-ROOT 
- COUNTERS 
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or write us on special problems 
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PALMER 


MERCURY ACTUATED 


DIAL THERMOMETERS 


in 3 types to suit any 


requirements 


PATENTED 


Full 41/7,” dial face. 
Stem can be placed 
at any angle and 
case can be rotated 
to any readable 
position. 


Rigid Stem Dial Ther- ° 
mometer tapered bulb, 
interchangeable with 
standard industrial ther- 
mometer separable socket. 
(As illustrated above.) 


Wall Mounted Dial 
Thermometer with 
flexible connecting ar- 
mor, Case adjustable to 
easy reading position. 


Flush Mounted Dial 
Thermometer for pan- 
el mounting with flex- 
ible connecting armor. 


All three types have a full 
4," dial face. 


for accuracy: Mercury actuated . , . Fully Com- 
pensated by Invar Compensaton. -Guaranteed 
Accurate 1 scale division. ; 

for angularity: Can be adjusted to most read- 
able position at any angle desired, 

for readability: Bold Black Numbers...11” of 
scale Reading Dial face can always be placed 
in easiest readable position. 

for interchangeability: Always specify 
“PALMER” Separable sockets as they are inter- 
changeable for Dial or Industrial type Ther- 
mometers. ~ 


Write tor Catalog Information 


PALMER 


THERMOMETERS, INC. 
d Ave Cincinnati 12, Ohio 
>f Industr elim Seleleigeliolay 


| Thermometer 


For more information circle 58 on inquiry card. 
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control. Connection to power line is 


| only wiring required. All drives have 


a continuous constant torque rating 


| through a 25:1 speed range. Brake 


ratings 18 or 36 lb-in.—Dynamatic 


Div., Eaton Mfg. Co., Kenosha, Wis. 


For more information circle 234 on inquiry card. 


PROXIMITY SWITCH 


New “Model MH-2” magnetically- 
operated high-speed switch is actu- 


| ated by proximity of a magnetic field; 


can be actuated by a transient mag- 
netic field of only 8 milliseconds; pro- 
vides a sharp make-and-break with 
no bounce at highest or lowest speeds. 
Speed limit 200 cycles per second; 
service life over 30 billion cycles. Con- 
tacts are sp-dt, rated at 5 amps non- 
inductive.—Electronic Products Div., 
Post Machinery Co., Beverly, Mass. 
ircle 235 on inquiry card. 


STROBE UNIT ACCESSORY 
FOR RATE-OF-TURN TABLE 


New “Precision Strobe Unit” for 
maker’s “Model C 181” rate-of-turn 
table is fired by a controlled frequency 


COMPUTING and 


nformation 


generated from the output of a preci- 
sion tuning fork. Since it operates in- 
dependently of line frequency, oper- 
ator has a precise method of setting 
and monitoring rates during a test 
run. Accuracy of the strobe flash fre- 
quency is 0.01% or better at 20°C 
Another advantage is strobe frequen- 
cy divider, which permits operator t 
select either line- or fork-controlled 
frequencies at 15, 30 and 60 cps.— 
Genisco, Inc., 2233 Federal Ave., Lo: 
Angeles 64, Calif. 


For more information circle 236 on inquiry card 


VARIABLE-SCALE COUNTER 


New “Type 1750,” said to feature 
“a better method of displaying the 
count in a digital system, as well as 


peserenenareneare - — 


greatly improved operating character- 
istics,” is applicable to any counting 
need whether for a preset counter, a 
burst counter, a scaler, or an adder 
Each count is represented visually by 
means of a neon indicator and elec- 
tronically in the form of a de signal 
thereby allowing unit to act also as a 
sorter, a pulse distributor, a convert- 
er, or a coding device. Counter input 
accepts 0.1-usec, 30-volt pulses, ampli- 
fies and standardizes them, and then 
applies these pulses to the grids of 
maker’s beam switching tube where 
they are counted at speeds from push- 
button to 500 ke. Scale factors of 2 
through 10 are available by turning 
a knob. Provision is also made fo 
automatic zero reset without cycling 
—Burroughs Corp., Detroit 32, Mich 
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DATA PROCESSING 





MEMORY SYSTEM 


New “Elecom File Processor” re- 
duces the contents of 1600 conven- 
tional file cabinet drawers to less than 
3 cu ft of space; also feeds desired 


| information via magnetic tape to a 
| companion electronic computer. (The 


two units, sold or leased together or 
separately, are known as “Elecom 
125 System.”) New “File Processor” 
automatically sequences, selects, col- 


lates and separates information re 
corded on tape; can be used for bill. 
ing, taking inventory, figuring sales 
men’s commissions and other routine 
functions.—Underwood Corp., 1 Pari 
Ave., New York 16, N. Y. 
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DRIFT COMPENSATION SWITCH 


New Computer Drift Compensa 
tion Switch is primarily for use in 
electronic analog computers, to con 
nect a single ac compensating ampli 
fier in sequence to a number of d 





wherever 


you go, 
you see... 


oe 


Swartwout AUTRONIC CONTROL SYSTEMS 


Refineries . . . processing plants . . . nuclear 
installations...pipelines—wherever you go, you'll 
find Autronic controls by Swartwout, pioneer 
and leader in the all-electronic control field. 

That’s because wide-awake, cost-conscious 
plant operators know that the Autronic System 
can do the jobs other systems can’t do... 
can do the ordinary jobs better, faster and 
frequently at lower cost. And now the 
Swartwout line is fully rounded out with 
controllers, indicators, recorders, sensing and 

i control elements to do most jobs best. 
eee: . xe You’ll come to electronic control sooner or 
Oe eS later. Why not look into the Swartwout Autronic 
- System of electronic control now? A card, 
wire or call will bring a qualified representative. — aa-ss0 


Swartwout Autronic® Process Control Equipment 
Roof Ventilators and Ventilating Louvers 


THE SWARTWOUT COMPANY * 18511 EUCLID AVENUE * CLEVELAND 12, OHIO. 


we 
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computing amplifiers for zero drift 
or offset compensation; has two 
poles; 60 or 80 make-before-break 
contacts per pole; sampling speeds 
from 3.5 to 4 rps; adjustable phasing 
between poles.—Applied Science 
Corp., P. O. Box 44, Princeton, N. J. 
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TAPE TRANSPORT 


New “P-63-AX” tape transport 
mechanism is a “professional sound” 
rack-mount recorder with a panel size 


of 10% x 19”, using low impedance 
heads which match all maker’s “PT-6, 
PT-63 and PT-7” amplifiers currently 
in service. It is said that “P-63-AX” 
will enable broadcasting and record- 
ing studios to bring their tape record- 
ing equipment up to industry’s high- 
est standards and save considerable 
cost of a new amplifier—Magnecord, 
Inc., 1101 S. Kilbourn Ave., Chicago 
24, Ill. 


For more ntorn 


New “Type 18 Ultra-Low Torque 
Potentiometer” is a voltage-dividing 
resistor for computer applications 


rcle 240 on inqui 


7360 fii i 
featuring a servo type mounting. Sin- 
gle and three-gang units pictured 
above are 0.97” and 1.97” long, re- 
spectively. Diameter is 1.75”. Indi- 
vidual VDR cups are 0.500” long. 
Ganged. assemblies up to 15 cups are 
available. Ball bearings, ABEC Class 
5, and 18-karat gold slip rings facili- 
tate operation with extremely 
small mechanical forces, 0.20 oz-in 
per cup normally, and as low as 0.050 
oz-in in special cases. Available with 
resistance values up to 200,000 ohms; 
rating 2.2 watts at 40°C; electrical 
rotation up to and including 360°. 
—Electro-Mec Laboratory, Inc., 47- 
51 33rd St., Long Island City 1, N.Y. 
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MAGNETIC RECORDERS 


New “FR 100 Series” of modular 
magnetic-recordi.g components for 
application in data acquisition, stor- 


age, handling, processing, analysis, 
and simulation, comprises models 
with one to 14 tracks for recording 
and reproducing scientific data in dc 
to 100,000-cps frequency range. Max- 
imum versatility for varying test re- 
quirements is provided by _inter- 
changeable plug-in amplifiers for di- 
rect, FM, and PWM types of record- 
ing and reproduction. Modular con- 
struction permits equipment expan- 
sion to fit user needs, allows in- 
corporation of technological advanc- 
es, and reduces maintenance to plug- 
in of spare modules.—I/nstrumenta- 
tion Div., Ampex Corp., 9384 Charter 
St., Redwood City, Calif. 
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X-Y PLOTTERS 


New “Models 200-A and 200-B” 
X-Y Plotters are said to offer “wider 
application possibilities for rapid 
graphic presentation of data, 
greater accuracy, faster response, 
highest obtainable input impedance 
and greater flexibility than heretofore 
attained in instruments of this type.” 
Prominent features in both new plot- 


ters are a heavier 1-piece main cast- 
ing for added strength and accuracy, 
and a new capillary pen containing an 
integral ink supply that provides easy 
flow and uniformity of line. As pen 
clamps on in a few seconds, spare 
pens can be easily interchanged to al- 
low color comparison of two different 
runs.—Librascope, Inc., Glendale 1, 
Calif. 
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HIGH-SPEED PRINTER 


New special-purpose high-speed 
printer can turn out more than 2,500 
lines a minute. A revolutionary elec- 
tromagnetic process has been applied 
to printing results of numerical cal- 
culations of fast analog computers, 


but technique can be used for fac 
simile reproductions of pictures, lin 
drawings and lettered character: 
Figures are printed in “ink” of mag 
netized iron particles pressed into 


wax-treated paper.—General Eleciri: 


Co., Schenectady 5, N. Y. 
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KEY-PUNCH ERROR SEALS 


New permanent self-sticking ‘“Co:- 
rection Seals’ for plugging key- 
punch errors stick without moisten- 


7334 


ing; are mounted 21€ on a handy dis- 
penser card allowing 2 st, one-at-a- 
time, one-motion applicatic™ co co’- 


rect key-punch errors.—W. H. Brad 


Co., 727 W. Glendale Ave., Milwau- 


kee 12, Wis. 
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TAPE FOLDER 


New “Tape-File” electric folde 
for businesses that use large amouni 
of punched paper tape, operates fro: 











©1956 R 
Me nufactur 





“BEST CUP OF COFFEE 


ON Frode 20” 











Good coffee—the kind that attracts knowing truckers to 

their favorite roadside stops—depends on careful prepara- Look to RMC for Full-Line 
tion, and maintenance at just the right temperature until Instrumentation — for manvfac- 
serving. That’s why manufacturers of restaurant coffee turers and users of processing equipment 
makers have consistently used Rochester Bimetal Dial —and many consumer products. 
Thermometers for years. They know RMC thermometers 
assure customer satisfaction by giving long, trouble-free, DIAL THERMOMETERS 


dependable service. Ys Le, ' 
By the same token, RMC Industrial Thermometers have _— = pec nenn 
been first choice with equipment manufacturers and proces- {30 240,» 


sors in the food, dairy, petroleum, chemical and petro- 
chemical industries. They appreciate their rugged stainless PRESSURE 
steel construction, hermetically sealed fog-proof dial cham- GAUGES 
bers, and the exclusive RMC external dial-reset feature. {/ hd . 
They, too, know from experience that they can always cal LIQUID § } 
| 
l 
| 
1 


depend on the lifetime accuracy of RMC instruments. LEVEL \ ] 
J 


~ 


GAuGES & 








= , 4 
TELL US YOUR REQUIREMENTS FOR DIRECT MOUNTING 
AND REMOTE INDICATING INSTRUMENTS, AND LET 
RMC ENGINEERING SKILL PROVIDE THE ANSWERS! 





REPRESENTATIVES IN ALL PRINCIPAL CITIES 
You Can Rely On Rochester’’ 


LIQUID LEVEL, TEMPERATURE and PRESSURE INSTRUMENTS 


ROCHESTER MANUFACTURING CO., INC. 
139 ROCKWOOD STREET + ROCHESTER 10, N.Y. 
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At Jerguson you get a 
Complete Line 
of Liquid Level 
Gages, Valves 
and Specialties 





Working closely with the men in the 
field, Jerguson has developed a complete 
line of specialized gages, valves and other 
equipment to meet the specific needs of 
the chemical and petrochemical industries 
for the observation of liquids and levels. 
Available in stainless, monel, nickel, has- 
telloy and many other materials . . . with 
rubber, neoprene, lead, teflon, Kel-F, and 
other linings . . . in a variety of end, side 
or back connections. 


Reflex and Transparent. With a variety of 
valves for all installations. 

Large Chamber Gages. Minimize boiling 
and surging effect. Both Reflex and 
Transparent; also with non-frosting gage 
glass extension. 


Heated and Cooled Gages and Valves. Com- 
plete line of heated and cooled gages and 


valves, in various models, both Reflex 
and Transparent. 


Non-Frosting Gages. Patented design pre- 
vents frost building up over vision slot. 


Welding Pad Gages. Weld right to liquid 
containing structure and become an in- 
tegral part of it. Can be staggered for 
continuous visibility. 


illuminators. Explosion-proof construction, 
UL approved. 


Group G Instrument Piping Valves. Unions, 
nipples, reducers, elbows, tees, valve and 
bleed valve all combined in one space- 
saving unit. 


Write for Data on Jerguson Products for Chem- 
ical and Petrochemical Processing. 


Gages and Valves for the 

Observation of Liquids and Levels 

JERGUSON GAGE & VALVE COMPANY 

100 Felisway, Somerville 45, Mass. 
Offices in Major Cities 


Jerguson Tress Gage & Vaive Co., Ltd., London, Eng. 
P6trole Service, Paris, France 
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any 110-115 volt circuit. Tape can be 
stopped at any point without injury 
to tape or motor. Unit can be operat- 
ed as a direct take-up from automatic 


equipment or accessory rolls. When a 
desired length has been wound, tape 
can be quickly removed from folding 
arm and is ready for storage without 
any other winding operation.—Dress- 
er Products, Inc., Providence 5, R.!, 
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SURVEY METER 


New single-scale “Model 414 Loga- 
rithmic Radiation Survey Meter” 
makes possible direct readings of x- 


ray, gamma and beta radiations over 
a full scale ranging from 3.0 to 3,- 
000 milliroentgens per hour. It is 
claimed to eliminate errors in scale 
selection and obviates need for 
switching scales found in convention- 
al linear-type survey meters.—Atomic 
Instrument Co., 84 Massachusetts 
Ave., Cambridge 39, Mass. 

ircle 247 on inquiry card. 


For more information c 


LABORATORY 


SAMPLE CHANGER 


New “Model 6001” shielded man. - 
al sample changer minimizes time r. - 
quired for measurement of low-i: - 


a" 


tensity radiation; provides ;,” alun - 
inum plus 2” of lead in all direction . 
Counting can be carried out wit 
only 1 tube, with the other conne:- 
ted either in anti-coincidence or e:- 
tirely removed. Counting geometri:s 
of nearly 100% are provided throug) 
use of special counter tubes develope 
by maker’s research staff.—Anto 
Electronics Labs., Inc., 1226 Flushiiig 
Ave., Brooklyn 37, N. Y. 

r circle 248 on inquiry ca 
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REFRACTOMETER 


New “Abbe-3L Refractometer” en- 
ables operator in one minute to load, 
light, and look into instrument to ob- 


tain refractive index of liquids, dis- 
solved solids, and some opaque solids. 
Design innovations make instrument 
especially useful for production-line 
applications where it can be operated 
by non-technical workers.—Bausch & 
Lomb Optical Co., Rochester, N. Y. 
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GAS CHROMATOGRAPHY 
APPARATUS 


New “Kromo-Tog Model K-2” is 
newest in maker’s line of self-con- 
tained instruments for gas and vapor 


733 


phase chromatography. Using pr’: 
ciple of elution with either liquid pz 
tition or solid adsorbents, it provic 
complete and accurate breakdown 
many different gas and liquid m 





Can You Apply Automation to Your Production Processes? 


The Third International Automation Expo- 
sition has been designed to give a concen- 
trated picture of the potentialities, and the 
new techniques and new equipment avail- 
able, for instrumentation and automation. 


The Automation Exposition . . . the auto- 
matic production show .. . will have all of 


the products and components which com- 
prise automation for industry and research. 


More than 170 exhibitors—all of them top com- 
panies—represent a vast range of equipment and 
services for instrumentation and automation: au- 
tomatic control systems; highly automatic ma- 
chine tools; digital and analog computers; auto- 
matic inspection devices; communication systems, 
including closed circuit television; feeding de- 
vices; work positioning mechanisms; and elec- 
tronic, electrical, and mechanical components 
which make up automatic production systems. 








Use TYPEWRITER or print LEGIBLY. Fill in card and stub COMPLETELY, 
and bring it with you to the Registration Desk at the New York Trade 
Show Building, 500 Eighth Ave., New York City. DO NOT MAIL THIS CARD. 


i wah a ~ ¢ 
awrdais for MmOW 1amittance nly NO tor Clnics yr ~onterences. 


Show Hours: | to 9 PM Daily, Monday through Friday, Nov. 26-30, 1956 


Your Name 

Title 

I 5 cacsinssns tsihndescopsaaandacleh ce sinsalbtblesntneiescunadadaiaaamiao 
i, OTL LR EO MT TN NT 


Company's Business 
or Product 


“HOV1IG LON OG “Ajq!6e] sud so YZLIyMadAL 3SN 


Tear out ticket along the dotted line. Properly filled in, it will admit you to the Third International Automation Exposition. No other registra? on 
is required. For additional FREE tickets, write to the Exposition Management, Richard Rimbach Associates, 845 Ridge Ave., Pittsburgh 12, Pa. 


binati 
ainine 





These New York City Hotels Have Reserved Blocks of Rooms for TIAE Visitcrs 


Abbey Commodore Governor Clinton Park Plaza Sheraton-McAlpin 
Alamac Dixie Henry Hudson Park Sheraton Sulgrave 
Barbizon-Plaza Edison Lexington Piccadilly Taft 

Beacon Empire New Yorker Roger Smith Tudor 

Belmont Plaza Flanders Paramount Salisbury Vanderbilt 
Beverly George Washington Paris Sheraton-Astor 


WRITE DIRECTLY TO THE HOTEL—Mention the Third International Automation Exposition 
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tures with a clear-cut resolution of 
all components. Analyses heretofore 
requiring complex equipment and tak- 
ing hours to complete are reduced to 
veryday laboratory routine—Bur- 
ell Corp., 2223 Fifth Ave., Pitts- 
burgh 19, Pa. 
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DIRECT-READING 
SPECTROMETER 


New “JAco-Hilger Direct Reading 
edium Quartz Spectrometer” com- 
ines low price and high performance 


to bring to smaller producers of non- 
terrous metals analytical advantages 

ormerly enjoyed only by larger firms. 
!t will perform analyses for up to 11 
constituents in two minutes or less 
with results indicated or recorded.— 
Jarrell-Ash Co., 26 Farwell St., New- 
tonville, Mass. 
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CHEMICAL SPECTROMETER 


New “Model S-1 Broad-line Chemi- 
cal Spectrometer” permits rapid and 
non-destructive analysis of more than 


100 isotopes of 65 elements by use of 
techniques of nuclear magnetic reson- 
nance. Test samples of chemicals, 
complex chemical structures and com- 
binations are rapidly and directly ex- 
inined through RF techniques. No 
chumidification or chemical destruc- 
ion of test samples is necessary.— 

‘clear Magnetics Corp. Div.,—The 

rkin-Elmer Corp., Norwalk, Conn. 


more information circle 252 on inquiry card. 


CONSTANT-TEMPERATURE 
BATHS 


New laboratory constant-tempera- 
ture baths feature resistance ther- 
mometer and electronic bridge cir- 


This Niagara Aero After Cooler also cools compressor jacket and intercooler water. 


COMPRESSED AIR...Lower in Cost 


Dependably Drier and Cooler 
Trustworthy for Instrument Use 


THE NIAGARA AERO AFTER COOLER offers a completely self-contained 
method replacing both shell-and-tube cooler and cooling tower. It is inde- 
pendent of a large supply of cooling water and consistently reduces com- 
pressed air temperatures to below ambient. Its drier air: gives you a better 
operation and lower costs in the use of all air-operated automatic instru- 
ments, tools and machines, paint spraying, sand blasting and moisture-free 
air cleaning. 

Direct saving in the cost of cooling water saves the price of the Niagara 
Aero After Cooler in less than two years. Water saving also means less 
expense for piping, pumping, water treatment and water disposal, or you 
get the use of water elsewhere in your plant where it may be badly needed. 

Niagara Aero After Cooler assures all these benefits because it cools 
compressed air or gas below the temperature of the surrounding atmos- 
phere; there can be no further condensation in your air lines. It condenses 
the moisture by passing the air thru a coil on the surface of which water 
is evaporated, transferring the heat to the atmosphere. It is installed out- 
doors, protected from freezing in winter, proven in service on the largest 
plant utility air systems. 


Write for complete information; ask for Bulletin No. 130 


NIAGARA BLOWER COMPANY 


Over 35 Years of Service in Industrial Air Engineering 


Dept. |. N., 405 Lexington Ave. New York 17, N. Y. 
District Engineers in Principal Cities 
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DON’T DROP . 
0 /) 
SCREW! 


Hold it with 
an H.J.J. 
Screw-holding 





Driver 


Sizes to 
handle 
from #@ 
fo #4" 
screws 


The H.J.J. 
COMPANY 


268 Marlow Drive * Oakland 5, California 


om IT 
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Hi Vacuum to 6000 PSI. 

"“O" Rings and Teflon or Nylon 
Seats are standard. 
Over-torquing cannot damage 
seat or needle as buffer plate and 
metering pin act as a forming die. 

@ Impossible to score needle or 
seat. 

@ Lifetime Valve—can be complete- 
ly overhauled in a matter of min- 
utes without disturbing plumbing 
or mounting. 

@ The most economical valve in the 

long run. 


Write for further details. 
ROBBINS AVIATION 


1735 W. Florence Ave., 
Los Angeles 47, Calif. 





ZIM. S Leakproof 


Metering Valves 
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cuit which give a control accuracy 
of 0.001°C. Temperature ranges 
—10°C to 150°C, including mechani- 
cal refrigerated models. Full-view 
window models available-—Bayley 
Instrument Co., Danville, Calif. 


For more information circle 253 on inquiry card. 


TEFLON LAB GLAND 


New “Asco Gland’’ features a 
unique Teflon construction that ren- 
ders it chemically inert while vacuum- 





tight; enables it to operate at tem- 
peratures as high as 200°C and pre- 
vents “freezing.” Available in one 
size, 24/40 standard taper, with shafts 
of 6 mm or 10 mm; can be fitted with 
glass adapters for use in wider joints; 
can be sealed to a vacuum of 5 x 10° 
mm Hg, yet its use as a thermometer 
port still allows depth regulation of 
thermometer bulb.—Arthur F. Smith 
Co., Rochester 3, N. Y. 


For more information circle 254 on inquiry card. 


New “Aminco-Bowman” spectro- 
photofluorometer is a new analytical 
instrument, combining advantages 
of spectrophotometry and sensitivity 
of fluorescence measurements, for 








LOW-SPEED STIRRER 


New ‘‘Slo- 
Speed” stirrer, 
developed espe- 
cially for use in 
flash-point tests, 
can be adapted to 
any lab procedure 
requiring stirring 
at a low constant 
speed: 78 rpm on 
direct drive, oth- 
er speeds through 
use of pulleys. 
Motor draws 15 ™ 
watts, has 0.9-lb-in starting torque. 
—Precision Scientific Co., 3737 West 
Cortland St., Chicago 47, Iil. 


For more infomation circle 255 on inquiry card. 


CYLINDER-TYPE FILTERS 


New laboratory 
cylinder-type filters 
are available in 
stainless steel, hard 
rubber, plastic, o1 
nickel-plated brass 
A Pyrex glass cyl. 
inder permits ful 
view of product dur 
ing filtering proce 
ess. Pressure gag¢ 
(0-60 psi) is stand 
ard equipment. Fou 
new models witl 
areas from 3.34 t 
21 sq in.—Erte 
Engineering Corp. 
Kingston, N.Y. 


i 
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GLASS-SYSTEM NEEDLE VALVE 


New Teflon and glass needle valv: 
perimts removal of corrosive need 
valves from glass systems without re 

























SPECTROPHOTOFLUOROMETER 
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identification of compounds in solt- 
tion throughout visible and UV r- 
gions.—American Instrument Co., Si - 
ver Spring, Md. 
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New thermocouple extension wire 


flame-proof, weather- proof 


- - - available through your 


|S gusta a thermocouple extension wire with 
superior insulation. Each of the two solid 
conductors is insulated with .015” polyvinyl, and 
the pair is further protected by an outer .02” 
polyvinyl jacket. It’s the ideal wire for even the 
toughest service. What makes it better than ever 
is a new kind of polyvinyl insulation that gives 
these qualities: 

Won't become tacky or stick to conduit walls, even 
when overheated. 

Won't support flame. Fire merely chars the coat- 
ing. You can rewire without replacing the conduit. 
Abrasion-resistant. Jacket won’t break or fray in 
roughest service. 

Easy to pull through conduit because jacket is 
smooth. 


Write for Specification $002-1, 
and for Pyrometer Supplies Buyers’ 
Guide No. 100-6, 


HONEYWELL SUPPLIES MAN 


Weather-proof ... double viny! insulation gives 
extra protection. 


Moisture-resistant. Completely moisture-resistant. 


Flexible. Can be flexed safely ... will not crack 
or split. 


Ask your local HSM (Honeywell Supplies Man) to 
tell you about this new wire . . . and to discuss how 
the HSM Plan can bring new convenience and 
economy to all your pyrometer supplies purchases. 
Call him today, at your local Honeywell office. . . 
as near as your phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., 
Industrial Division, Wayne and Windrim Avenues, 
Philadelphia 44, Pa.—in Canada, Toronto 17, 
Ontario. 


Honeywell 


BROWN 
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The Simplified 


PYRO 


Optical Pyrometer 


Read Temperatures 
directly! 


—the only self-con- 
tained, direct-reading 
light-weight and de- 
pendable unit _ 

for quick 

and accu- 

rate high- 
temperature 
measurements. Deter- 
mines temperatures of 
minute spots, fast- 
moving objects, or of 
smallest streams. Even 
measures accurately 
the true spout and 
pouring temperatures 
of molten iron, steel, 
monel, etc. in the 
open. Ranges from 
1400-7500°F. orin 
equivalent Centigrade 
calibration. Write for 
free Catalog No. 85. 


THE PYROMETER INSTRUMENT CO. 
Bergenfield 34, N. J. 
Manufacturers of PYRO OPTICAL, MICRO-OPTI- 
CAL, SURFACE, RADIATION, IMMERSION and 
INDICATING PYROMETERS for over 25 years. 

Catalogs on request. 
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ORTHAM 


HIGH SENSITIVITY, LOW RANGE 


PRESSURE 
TRANSDUCER 


Diameter: 
2%" 


ip 
An extremely sensitive variable in- 


ductance instrument for measure- 
ment of steady and transient pres- 
sure in full scale ranges. as low as 
+ 4 inches of water. Permissible 
pressure overload in either direction 
up to maximum line pressure, 100 
psi, for difficult flow-metering appli- 
cations. A light diaphragm sensing 
element free from external mechan- 
ical linkage results in high natural 
frequency for dynamic measure- 
ments. 

MODEL DP-7 SPECIFICATIONS: 
Pressure Ranges:....- 0.15 to + 15 psid 

+ 1% full scale 
Excitation Frequency: From 60 to 20,000 cps 
Natural Frequency: From 250 cps for 0.15 

psi range to 2500 cps for 15 psi range 


WRITE FOR BULLETIN NO. IA-7 
Northam Engineering Facilities Are Available 
To Assist You With Any Application Problems. 
NORTHAM PRODUCTS INCLUDE... 
Transducers for pressure, acceleration and 


displacement measurement and auxiliary 
electronic equipment for complete systems. 


NORTH AMERICAN INSTRUMENTS, INC. 


2420 North Lake Avenue * Altadena, Calif. 
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sorting to stopcocks. It replaces stop- 
cocks in any laboratory apparatus. 
Tefion rings enable the valve to be 
instantly interchanged with existing 
glass parts—The Emil Greiner Co., 
20-26 N. Moore St., New York 13, 
N.Y. 
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SPECTROPHOTOMETER 
ACCESSORIES 


New accessories for “DK Recording 
Spectrophotometers” enable chemist 
to use recording spectrochemistry for 
more of his lab analysis and research: 
Flame Attachment adapts “DK-1 and 
DK-2” for rapid qualitative analysis 
of metals in a sample. Linear wave- 
length recording, standard on “DK-1,” 
can now be accomplished with a “DK- 
2” by use of Linear Wavelength At- 
tachment. Studies below 0.2 micron 
and above 3 microns are facilitated by 
a Purging Kit. New Germanium Fil- 
ter is useful above 3 microns to reduce 
stray light. Variable Cell has path 
length that can be adjusted from 0.25 
mm to 10 mm. Constant Temperature 
Holder for thermostatting cell and 
sample. Continuous Flow Cell for 
analysis of a flowing sample. Dual 
Source Unit for rapid interchange of 


hydrogen and tungsten lamps. KBr 
Die and Die Holder for special infra- 
red studies. Repetitive Scan Attach- 
ment for “DK-2” and Time Drive fo 
studies of reaction rates.—Scientifix 
Instruments Div., Beckman Instru 
ments, Inc., Fullerton, Calif. 

For more information circle 259 on inquiry card 


ULTRAVIOLET SOURCE 


New “Blak-Ray Model BLF-6,” fo 
better observation of low-grade fluo 
rescence, particularly in critical area: 


7208 


of pale blue, light green and red 
utilizes a tubular filter to cut dow 
on visible light emission. With it 
peak emission at 3660 AU, it is espe 
cially valuable for sanitation inspec 
tion, criminology, chromatography 
oil analysis, medical diagnosis an 
wherever subtle shadings must be ob 
served.—Black Light Corp. of Amer 
ica, San Gabriel, Calif. 
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SHOP EQUIPMENT and SUPPLIES 





POWER PRESS CONTROLLER 


New “Trippit” electric combina- 
tion master control for power press- 
es, shears and brakes replaces much 


of operator’s burden with automatic 
control, permits him to perform his 
task with less fatigue and greater 
safety; increases production, elimi- 
nates rejects and lessens down-time 
from jamming or die damage.—Gen- 
eral Automation Corp., 65 South 
Broadway, Yonkers, N.Y. 
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PACKAGING MATERIAL 


New “Fibre Form” molded pulp 
can double speed of packaging com- 
ponents or assemblies; is molded in 
many sizes, shapes and weights to 
give greatest protection at lowest 
cost.—Arvey Corp., Fibre Forming 
Div., Olean, N. Y. 


For more information circle 262 on inquiry card. 


GRINDER CONTROLLER 


New “Type 150 Microtrol” for auto- 
matic control of plunge grinders 
gages workpiece diameter continuous- 


F407 


ly during grinding, and uses gaging 
information for automatic control of 
final size. In addition, part size is co: 
tinuously presented on a set of direc’ 
reading indicators, and_ indicator 
lights signal arrival at the various 
size limits, including final size. Sp 
cial units are available for extern 
centerless grinders, ete.—Airbor 
Instruments Lab., Inc., 160 Old Cou :- 
try Rd., Mineola, N. Y. 


For more information circle 263 on inquiry ca 


HYDRAULIC PRESS CONTROL 


New “E364 Robotron Control” ‘s 
a compietely packaged unit whose i:1- 
stallation is simple; features opera‘- 
ing pushbuttons on case, inclusion f 
solenoid air valve within case, flexi- 
bility of cycle set-up in a few sec- 
onds, all relays enclosed and plug-in 
type for easy checking or servicing, 





ne TTT cman 


DISCHARGE 
PORT 


You can dispense with oil filters and dust filters when 
you install ®Nash® Clean Air Compressors. You can save 
the cost of maintaining these devices. You can greatly 
reduce instrument maintenance costs. For the Nash em- 
ploys no internal lubrication, therefore no troublesome 
oil is in the delivered air. Moreover, air from a Nash 
is thoroughly washed and cooled as it passes thru the 
pump. Dust in the plant atmosphere, even fly ash, is im- 
mediately removed. 

®Nash® Clean Air Compressors are simple, with only 
one moving element. No valves, gears, pistons, sliding 
vanes, or other enemies of long life and constant perform- 
ance complicate a Nash. No aftercoolers are needed. You 
will find it profitable to investigate these pumps, now. 





DISCHARGE 
PORT 














SSUUIUVALUUVOUVUUOANRAUUAL VEAL 
No oil filters. 
No dust filters. 


No internal lubrication to 
contaminate air handled. 


No internal wearing parts. 
No valves, pistons, or vanes. 
Non-pulsating pressure. 


Original performance constant 
over a long pump life. 


Low maintenance cost. | 
HU 


NAS ENGINEERING COMPANY 
370 WILSON, SO. NORWALK, CONN. 
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HARDNESS 
TESTING... 


done WITH NO MENTAL 
HAZARDS. The SCLERO- 
SCOPE has done it for the 
past 50 years. 


In general use 
for specification 
purposes. Sim- 
ple, sturdy. 
Comparatively 
inexpensive. 


Illustrated 
bulletins 


free 


The Shore Instrument 
& Mfg. Co., Inc. 


90-35 Van Wyck Expressway 
Jamaica 35, N. Y. 
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High Precision OpticaL Compo- 
NENTS Any Size For 
Astronomical and Physical 
Research 
es 
Parabolic, Spherical, Ellipsoidal 
and Plane Mirrors 
7 
Plane Parallel PLATEs 
* 

SCHLIEREN SYSTEMS 
e 
Wind Tunnel Opriés 


s 
Lenses & Prisms of Glass 
Natural or Synthetic 
CRYSTALS 


e 
Complete Optical and Mechanical 
INSTRUMENTS 
e 
Made to Specifications 
e 
High Vacuum Coating 


John Unertl Optical Co. 


3551-3555 East Street 
Pittsburgh 14, Penna. 
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and timing motor itself plug-in for 
readily changing control from one 
range to another.—Emmett Machine 
& Mfg., Inc., 445 E. Turkeyfoot Lake 
Rd., Akron 19, Ohio. 


For more information circle 264 on inquiry card. 


WIRE SCREEN PROCESS KITS 


New “Screen Printing Kits” aid 
perfect duplication of printed circuits, 
nameplates, precision dials, or other 
line work reproduction in prototype 


or quantity amounts. Each kit con- 
tains all necessary materials and in- 
formation for doing in a professional 
manner marking work previously 
“sent out” by most companies. “Kit 
# 5006P” (shown in photo) can be 
obtained from jobbers. A more exten- 
sive “Industrial-Laboratory Kit # 
5005P” includes complete materials 
and instructions for investigation of 
etched-wire printed circuitry.—Tech- 
niques, 178-84 Central Ave., Hacken- 
sack, N. J. 


For more information circle 265 on inquiry card. 


INSTRUMENT ILLUMINATOR 


New “Conduct-A-Lite” utilizes light 
conduction through 5/16” lengths of 
Lucite, illuminates dark areas in in- 


7231 


accessible places, around corners, etc.; 
is useful for inspection, assembly, ad- 
justment and repairs; needs no powe) 
line: uses standard pen light bat 
teries. Rod length to 24”. Various op- 
tional accessories.—Foster Supply Co. 
6122 Milwaukee Ave., Chicago, Il. 
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DIMENSIONAL GAGING and INSPECTION 





ALIGNMENT INTERFEROMETER 


New experimental alignment inter- 
ferometer to measure changes in 
angle of arc to microinch accuracy is 


a double-beam interferometer which 
detects small changes in angle 
through a total range of 30 seconds of 
arc. Its mirror can be located as 
much as 14 feet away. It can be rested 
on its base, side, or end to measure 
alignment of jigs, fixtures, or flat- 
bed surfaces.—Bausch & Lomb Op- 
tical Co., 635 St. Paul Street, Roches- 
ter, N. Y. 


For more information circle 267 on inquiry card, 


FLUSH PIN AMPLIFIER GAGE 


New amplifying modification o 
flush pin gage has same characteris 
tics as plain flush pin gage but wit} 


a 5x amplification, hence is practice 
even down to a manufacturing tole) 
ance of 0.001”. Advantages includ» 
cost-cutting, because setting maste 
mounting bracket and protective hoc! 
are superfluous, and because of a! - 
sence of gage maintenance. Amplif) - 
ing mechanism comprises three hig! 
precision hard-steel balls, held 12( 
apart about cone-shaped end of sli 
ingly-disposed pin.—A. M. DeLeo 
Associates, Inc., 18220 W. Seven Miia 
Road, Detroit 19, Mich. 


For more information circle 268 on inquiry ca 





COLUMN-TYPE AIR GAGES 


New models of “Dearbornaire”’ are 
designed to provide maintenance-free 
yperation as well as greater versatil- | 


ce 





the world’s 


y, ease of operation, and longer gag- = q . 
ig-element life. Among major design ‘ Ad , g mos t vers at | | a} 
satures: (1) higher rated pressure .\ in... 
ystem combined with built-in circuit %. y 
strictions to assures a constant air \. : reco rd j n g 
ressure sufficient to keep instrument a 
:elf-purged; (2) exclusive new glass ee 
‘ube with “characterized” internal & A i 
taper which assures perfect linearity. ‘ OSCI | | Oo 4 ra c h 
‘e Complete line of air gaging ele- 
ients (interchangeable on all three 
tandard amplifications): spindles, 
lings, snaps, ete. with steel, chro- 
nium plates or carbide gaging sur- 
faces.—Air Gage Div., Dearborn Gage 
0., 22038 Beech St., Dearborn, Mich. At the top and right are the standard 5-119; at the lower left is the 


r more information circle 269 on inquiry card. 


ELECTRONIC MICROMETER 


New “Minitron” permits unskilled 


help to check up to 3,500 pieces an used almost anywhere there is data to be recorded . . . laboratory, test 
hour at tolerances less than 0.0001”; 


5-119R, specially engineered for vertical rackmounting and tilting for- 


ward for easy loading and adjustment. These twin instruments can be 


stand, aircraft, instrumentation trailer. The capacity (up to 50 chan- 

nels), the range of speeds, the record width, and the unusual group 

of built-in safeguards against data loss make the 5-119 ideal for over 

90% of all static-dynamic tests, regardless of their complexity. With the 

5-119, you’re sure to get the data. . . anywhere! Both models are effec- 

tively shockmounted, hold 450 feet of 12” paper, record at speeds from 

0.1” to 100” per second, with instant 10:1 

6993 , | = is speed change through simple switch control. 

— Se Ge ~~ A-C or D-C models, 36 or 50 channels. Ac- 
= 


quick checking without “feel.” This x 
permits gage stand to be quickly pre- i 

set and locked to conform to a master. 
Adjustment permits shop foreman or 

chief inspector to establish any mag- pe j i s 

nification desired from 10,000/1 to in Bulletin CEC 1536B-X7. 

1,000/1—EAM Div., Industrial 

Guuges Corp., Englewood, N. J. = 

; Consolidated Electrodynamics 


more information circle 270 on inquiry card. 
CORPORATION 


E_ECTRONIC “GO AND NO-GO” formerly Consolidated Engineering Corporation 
CONTROL SYSTEM 300 North Sierra Madre Villa, Pasadena, California 


New “Myke-A-Trol” is designed for ELECTRONIC INSTRUMENTS FOR MEASUREMENT AND CONTROL 


use with measuring elements built | Sales and Service Offices in: Albuquerque, Atlanta, Boston, Buffalo, Chicago, Dallas, 
into gage heads, for gaging and sort- | Detroit, New York, Pasadena, Philadelphia, San Francisco, Seattle, Washington, D. C. 


For more information circle 72 on inquiry card. 
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commodates galvanometers linear from 0 to 


3000 cps. Complete details and specifications 














CABLE 
CLIPS 


of all Uylou 


for severe conditions 


* 
of Ethyl 
Cellulose 


for maximum 


economy 


SCREWS 
and NUTS 


Acid resistant 
* 
Need no insulation 
* 
Can't rust 
* 


Can't corrode 


WECKESSER COMPANY 


5703 Northwest Highway * Chicago 30, Ill. 
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TANKOMETER 


FOR MEASURING TANK 
CONTENTS ANY DISTANCE AWAY 


a 
HYDROSTATIC GAUGES 


FOR ALL PURPOSES 


PRESSURE © VACUUM ¢ DRAFT 
DEPTH & ABSOLUTE PRESSURE 
DIFFERENTIAL PRESSURE 
MERCURIAL BAROMETERS 


SEND FOR BULLETINS 
UEHLING INSTRUMENT CO. 


470 GETTY AVE., PATERSON,N. J. 





TANK MAY BE BURIED, 
ELEVATED, OPEN, 
CLOSED, VENTED OR 
UNDER PRESSURE OR 
VACUUM 
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ing, fatigue testing, inspection, and 
thickness control, etc. Overall accu- 
racy 2% using standard pickups. Dis- 
placement ranges of plus and minus 
0.1” to plus and minus 100 micro- 
inches. Any phenomenon, such as 
pressure, weight, etc., can be meas- 
ured in terms of dimensional change, 
and controlled accordingly. Two pow- 
er relays can be adjusted to operate 
at any desired control point, on plus 
or minus tolerances, two successive 
plus tolerances, or two _ successive 
minus tolerances.—/ndustrial Elec- 
tronics, Inc., 8060 Wheeler St., De- 
troit 10, Mich. 


For more information circle 271 on inquiry card 


MECHANICAL TESTING 





AUTOMATIC GEAR TESTER 


New fully automatic “Red Ring 
Model GSR Gear Speeder” includes 
an “electronic ear’ that inspects and 


rejects gears on basis of operating 
sound level. Sound discriminator 
unit can be adjusted at any time to 
range of audible noise frequency and 
intensity desired for rejection Na- 
tional Broach & Machine Co., 5600 St. 
Jean Ave., Detroit 13, Mich. 


e information circle 272 on inquiry card. 


BALANCING MACHINE 
New “Mogul” balancing machine is 
said to reduce complex balancing op- 
erations to “the absolute in mechani- 


cal simplicity.”” Pedestal type design 
permits units to be placed together 
or separated according to length of 
piece to be balanced: shortest rotors 
or longest paper-mill roll. Drive unit 
can be positioned at either end or in 
center. To locate and measure unbal- 
ance (small as well as large) “Mogul” 
employs a true seismic free-in-space 


-For more information c 


unbalance indicator providing over 
4” of free amplitude travel. Operator 
can correct large amounts of unbal- 
ance at low, safe speeds.—Raydyne 
Corp., 920 West Laurel St., Spring- 
field, Ill. 


rcie 273 on inquiry cara. 


VIBRATION GENERATOR 


New “Model AF” low-cost 10-60- 
cps adjustable-frequency vibratior 
machine meets fatigue test and low 


frequency vibration requirements o 
MIL-E-1B. It comprises an elastically 
mounted platform, pickoff, forcing 
transducer, and power amplifier. | 
features unique selfperpetuating reso 
nant drive principle and provides lon; 
and uniform vibration life because a! 
motion is by means of flexing ste« 
members: no rotating shafts, bear 
ings, or sliding members. Maximun 
load 70 lb, maximum amplitude 0.1” 
—Lance Products, P. O. Box 25! 
Forest Hills 75, N. Y. 
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RATE-OF-TURN TABLE 


New small low-cost rate-of-turn tz- 
ble, for use in calibrating and evalv- 
ating rate gyros, is suited for flighi - 





cont. 
per 

hour 
| ght 
from 
l’nir 
Sts 


line testing at aircraft, as well as | ° ° 
production-!ine use. Accuracy of set- True Herme a4 AY: aling 
ting and repeatability within 1%; 


angular velocity is constant to peo assures Maximum Stability ‘ 


0.25% including cumulative 
wow and flutter errors. Vibration ac- 


celerations do not exceed 0.015 G at 

frequencies up to 500 cps. Two ranges 

available: “(Model G347” 1° to 600° 

per second; “Model S347” 0.1° to 60° e 
per second.—Genisco, Inc., 2233 Fed- in 


ral Ave., Los Angeles 64, Calif. 


tucrica, = LA 2) 


ELECTRICAL 
TESTING 


rcraron reser 11 TTF |! Thermostatic DELAY RELAYS 


New thermistor test kits enable de- 


‘ign engineers to economically investi- | WL 
mee 2 to 180 Seconds 


rate and evaluate semiconductor po- 





© Actuated by a heater, they operate on A.C., D.C., 
or Pulsating Current. 
St TB 4 ‘i @ Hermetically sealed. Not affected by altitude, 
= = (aia moisture, or other climate changes. 

AM PERIT : it @ SPST only — normally open or normally closed. 
Amperite Thermostatic Delay Relays are com- 
pensated for ambient temperature changes from 
—55° to +70° C. Heaters consume approximately 
2 W. and may be operated continuously. The units 
are most compact, rugged, explosion-proof, long- 
lived, and — inexpensive! 

















MINIATURE 


STANDARD 
7291 PROBLEM? Send f TYPES: Standard Radio Octal, and 9-Pin Miniature 
? Send for peng : ; 
entialities; are available in three lletin N 1 pe A —ee Relays: Used for auto- 
sizes; wide range of resistances, tem- Bulletin No. TR-8 matic overload, under-voltage or under-current protection. 


perature coefficients and sizes. Mount- 
ngs and styles incorporated in sets 8 A L LA § T R F G U LAT 0 R S 





include maker’s wafer thermistors in 
iddition to bead, bead-in-probe and Amperite Regulators are designed to keep the current in a circuit 
ead-in-can elements.—Ther mistor automatically regulated at a definite value (for example, 0.5 amp.) 
orp. of America, Metuchen, N. J. ...For currents of 60 ma. to 5 amps. Operate on A.C., D.C., Pul- 
or more information circle 276 on inquiry card. sating Current. 


RANDOM PULSE GENERATOR 


New “Model 422” completely tran- 
sistorized portable random pulse gen- 
VOLTAGE OF 24V ' WITH AMPERITE 


erator delivers random pulses at a ~ 25° 
| BATTERY & CHARGER | VOLTAGE VARIES 
VARIES APPROX. 1 ONLY 


bi 90% | 2% 


Hermetically sealed, they are not affected by changes in altitude, 
ambient temperature (—55° to +90° C.), or humidity ... Rugged, 4 
light, compact, most inexpensive. y F 
Write for 4-page Technical Bulletin No. AB-51 
AMPERITE CO., Inc. 
561 Broadway, New York 12, N. Y. 
Telephone: CAnal 6-1446 


In Canada: Atlas Radio Corp., Ltd. 
50 Wingold Ave., Toronto 10 





3 
17,00 




















\ aR se Be ypanan | 


controlled rate from 10 to 1000 pulses 
per second; operates for over 100 
hours from 4 standard 114-volt flash- 

| ght batteries, at 5 mv to 5 v output, | 
from a 100-ohm impedance source.— 
lniversal Atomics Corp., 19 E. 48th 
St. New York 17, N. Y. 


For more information circle 277 on inquiry card. 


DUAL TRACE GENERATOR ee et Individual inspection 

New “Model 600A” converts any | ‘ a Pym se pro nt alien 
standard oscilloscope to a dual-input gta ee of Amperite products. 
unit by chopper sampling two inputs 


For more information circle 75 on inquiry card. 
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at a 60-cps rate; both signals then 
appear simultaneously on scope, and 
vertical separation between them is 
adjustable.—Electro-Pulse Inc., 11861 
Teale St., Culver City, Calif. 


For more information circle 278 on inquiry card. 


FREQUENCY SYNTHESIZERS 


New “Series 182 Crystal Frequency 
Synthesizers,” each capable of produc- 
ing from 2000 to 20,000 discrete fre- 
quencies with an accuracy of 0.0001% 


ss 


<e= 


CUSTOM MANUFACTURE of SMALL PARTS 
instrument Pivots 


ted in « 


and zero-error resetability, feature 
substantial immunity to environmen- 
tal conditions. and suppression of 
spurious signals (except harmonics of 
output) to —80 db. Three models: 
“182-A,” HF, 18 to 36 Mc; “182-B,” 
VHF, 72 to 144 Mc; “182-C,” UHF, 
215 to 410 Me. Additional models soon 
available, 2 to 32 Mc and 72 to 410 Mc 
as well as modifications for use as 
complete AM or FM transmitters. Un- 
skilled personnel can operate synthe- 
sizers without training or prior ex- 
perience.—Manson Laboratories, 207 
Greenwich Ave., Stamford, Conn. 


For more information circle 279 on inquiry card. 


QUADRUPLE PULSE GENERATOR 


New “Model 340” generates four 
square pulses of one millimicrosecond 
rise time. Widths vary from 0.001 to 


Mettet 
ae 


PPTL 


0.1 usec selectable on front panel. 
Four separate pulse outputs can be 
independently varied in amplitude in 
l-db step over range of 0.006 to 100 v 
into low-impedance cables. Outputs 
can be matched to any impedance 
from 50 to 200 ohms, and can be inde- 
pendently delayed if desired.—Elec- 
trical & Physical Instrument Corp., 
25 W. 43rd St., New York 36, N. Y. 

cle 280 on inquiry car 


For nore infor mation cir 


TV PICTURE TUBE TESTER 


New “Model CR5 Videochek,” spe- 
cifically designed for use by TV serv- 
icemen and dealers, has been field 


tested and found to be better than 
98% accurate in anlyzing typical TV 
picture tube defects other than screen 
or face plate defects which are readily 
apparent in operating the tube with 
a raster.—The Hickok Electrical In- 
strument Co., 10519 Dupont Ave., 
Cleveland 8, Ohio. 
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CALORIMETERS 


Accurately RECORD calorific values 


of gases from 80 B.t.u.’s and up 


special steel, heat 





e As separate items or 
treated for maximum hardness, polished, stn finish. To 


specifications up to ¥’’ diameter. 


Shafts and Staffs 


s sansa — or alloy steel, sheat treated to specifications. Metal- 


raphic finish. 


. te lar Products up to ¥ Diameter, Cut, Flared, Swaged, Formed 


and Burr-Free. Alloy or Silver Plated. 
@ Screw-Machine Products up to ,’’ Diameter 


SERVICES FOR CUSTOMERS’ PARTS 


e A Multitude of Services are Available for Customers’ Parts at Any 
Stage of Manufacture. These Include: Controlled-Atmosphere Heat- 
Treating, Centerless Grinding, Surface Grinding, Special Facilities 
for Ceramic Rods and Shapes, Knurling, Thread-Rolling to close 
tolerances, Swaging, Drilling, Milling, Burr Removing, Metallographic 
Polishing, Barrel-Plating in Alloy or Silver, light Punch-Press Work 


SPECIALTIES 
e “Welton” 
solderi 


ng. 
e “Wentonoil” treated bottonwood pith for lubricating instrument 


pivots. 
APPARATUS DESIGN SERVICES 


e In Connection with the Design and Fabrication-of Precision Minia- 


ture Parts. 


noncorrosive paste solder for hoirsprings or similar 


@ Require little 
maintenance 


@ Low in cost 





ENGINEERING ASSISTANCE ON ALL ITEMS 


VVelton V. Johnson 


ENGINEERING COMPANY :1 


SUMMIT. N. J 


AVENUE ° 


92 Seana 
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@ Provide reliable, 
trouble-free service 


@ Simple in design 
@ Ruggedly built 


© Free from continuously 


moving parts—except 
for chart drive 


Write for 
Detailed Catalog 


COSA 


NATIONAL REPRESENTATIVES FOR SIGMA INSTRUMENT CO., 





CORPORATION; 


405 Lexington Ave., New York 17 § 
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ELECTRICAL and 
ELECTRONIC 
INSTRUMENTS 


ASTATIC INSTRUMENTS 


New line of astatic wattmeters, 
voltmeters and milliameters should 
interest users in aircraft electronics 





and servomechanisms, where power 
supplies operate at 400 to 1000 cps 
and where previous 60-cps instrumen- 
tation is inadequate. They are electro- 
dynamometer type instruments with 
an entirely new coil system. Improved 
frequency response stems from high 
coupling coefficient between moving 
coil and fixed coils, and through elim- 
ination of eddy current effects usually 
present in magnetic shielding and oth- 
er metal parts.—Rawson Electrical 
Instrument Co., 110 Potter St., Cam- 
bridge 42, Mass. 


For more information circle 282 on inquiry card. 


TRACE-RETAINING CRT 


New “Memotron” 5” direct-display 
storage tube can capture and retain 
visual displays of transients without 


‘esorting to photography. Utilizing 
. special storage target just behind 
riewing screen, it retains single trac- 
ngs or successive writings at high 
orightness until they are intentionally 
‘rased. Photography need be used 
mly when permanent records are re- 
juired for files—Hughes Products, 
0s Angeles 45, Calif. 


or more information cricle 283 on inquiry card. 


RF Q METER 


New “Advance Model T-1 RF Q 
Meter” (English-made) features a 
unique overload-proof VTVM_ indi- 








Engineers... 
HUGHES 


Products Division has outstanding 


openings in its newly-established 


INDUSTRIAL SYSTEMS & 
CONTROLS SUB-DIVISION 


With the broad experience gained from its military 
products, Hughes has established an Industrial 
Systems and Controls activity to design, manufacture, 
and sell commercial electronic systems. At Hughes, 
the West’s leading center for advanced electronics, 
you will be concerned with industrial controls using 
digital techniques and transistorized circuits. 

These are key positions requiring executive and 
managerial ability and must be filled! The long range 
possibilities for advancement and progression in these 
new positions is unlimited. The activity, already 
quite extensive, is planned to grow to several times 
its present size within a few years. Openings exist for: 


SENIOR MECHANICAL ENGINEER 


B.S.M.E. or advanced degree with 8 or more years 
experience with mechanical or electro-mechanical 
controls in development type projects. 


SENIOR ELECTRICAL ENGINEER 


B.S.E.E. or advanced degree with 8 or more years 
experience in development through production of 
electronic control equipment. 


Also openings for: 

EXPERIENCED EQUIPMENT ENGINEERS, 
SERVO ENGINEERS, CIRCUIT ENGINEERS 
Act now ...for information write or call 

MR. HOWARD A. GRIFFIN 


5340 104th St., Los Angeles 45, 
Pe California 
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cator, will measure with laboratory 
precision Q, power factor, inductance 
and capacitance at.RF frequencies.— 
Fisher Radio Sales Co., Ine. 21-21 
Forty-fourth Drive, Long Island City 
L. W.Y. 


For more information circle 284 on inquiry card. 


FREQUENCY-RESPONSE 
RECORDER 
New “Model SL-4 Sliding-Coil Re- 
corder” utilizes a unique electrody- 
namic principle for operation of 
stylus or perm; features variable elec- 





tronically-controlled writing speed 
and electronically-controlled damping 
of pen movement; records on a 4” 
wide chart at chart speeds of 44, 9 
and 18 ipm selectable by a push-but- 
ton arrangement. Scale function de- 
pends on “input potentiometer” which 
ean be furnished as decibel, linear, 
square root, or phon. Link units are 
available for widely-used beat-fre- 
quency oscillators and wave analyzers. 
Special link units and corresponding- 
ly-calibrated charts to order.—Sound 
Apparatus Co., Stirling, N. J. 


For more information circle 285 on inquiry card. 


RADIOFREQUENCY VOLTMETER 


New “Model 91-A R-F Voltmeter” 
provides measurements down to 0.001 
v from 0.2 to 400 Mc; comes with two 
probes, a high-impedance unit and a 


50-ohm type with low vswr. Full- 
wave crystal diode detector circuit 
gives rms response in square-law re- 
gion up to 0.1 v, with high readings 
gradually changing from rms to peak 
response calibrated in rms for sine 
waves to 3 v maximum. With 50-ohm 
probe, instrument can measure down 
to 0.02 microwatts.—Boonton Elec- 
tronics Corp, Morris Plains, N. J. 


For more information circle 286 on inquiry card. 


DIGITAL OHMMETER 


New “Model D 050” digital ohm- 
meter automatically measures and 
digitally displays resistance meas- 


735? 

urements to 5 digits; has a range of 
0.1 ohm to 10 megohms, and is accu- 
rate up to 0.01% + 1 digit, depend- 
ing upon range. Average reading time 
is one second. Range switching is au- 
tomatic. It can be used with maker’s 
“Input Scanner IS100” and machine 
print-out to sequentially scan and 
record 100 resistance values.—Elec- 
tro Instruments, Inc., 3794 Rosecrans 
St., San Diego 10, Calif. 


For more information circle 287 on inquiry card. 








Magnetic Drum 


a | 


Each of the 256 heads of the Wharf Mark Ill 


Retains 
250,000 


IMPERIAL Oly - 7b 
TUBE FITTINGS 
and Polyethylene Tubing 


Offer Huge Savings in 
Time and Simplify 
Installation 





Storage Unit has individual adjustment and can 

be removed and replaced ‘independently. The eight 

columns of the unit have a capacity of 8193 words 

- 32 binary digits each, a total of over 250,000 
its. 


Writing current required is 0.8amp at the head, 
or 15 to 20ma at input of the T3 transformer. Nor- 
mal pulses are one to two mic/sec. wide. Driven 
directly by a 1/6 hp induction motor, the unit has 
a@ maximum speed of 6000rpm, with a digit rate 
of 1000kc. 


Manufactured by 
Wharf Engineering Laboratories of England 


U.S.A. Agent: 
IMTRA CORPORATION 
58 Charles Street Cambridge 41, Mass. 





Fittings and Tubing 
furnished in 4", 5/16” 
and ¥%" O.D. sizes. 


Recommended for 
working pressures 
to 125 psi.—%"’ O.D.; 
100 psi. — 3%” O.D. 





Poly-Flo Tube Fittings, used with poly- 
ethylene or other plastic tubing, offer 
tremendous savings in time and labor 
through ease of assembly and installa- 
tion. Ideal for instrumentation, labora- 
tory equipment, food and beverage 
plants and many other applications. 

__/“ Fittings need only be finger tight- 








Bulletin No. 3025 


IMPERIAL Jy: 
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ened. A wrench is never necessary. 
Tubing is very flexible, tough and 
is not affected by most chemicals. 
Accessories include tube racks for 
mounting of tubing, quick-disconnect 
and other shut-off valves, and conven- 
ient make-up kits of tubing and fittings. 


Ask for 


See Your 
Supply House 


THE IMPERIAL BRASS MFG. CO., 1204 W. Harrison St., Chicago 7, Ill. 


b Mot Compl Line of 
mabe Tue Fitings and Tubing Took 


For more information circle 79 on inquiry card. 





o 10-MC OSCILLOSCOPE 





uit 
re- New “Model 150A” high-frequency 
ngs CRO features maximum versatility 
pak and convenience with extreme elec- 
ine = e 
hm 
wn : 
lec- 
sid unequalled 
m- 
ind 
as- 

trical and mechanical dependability. 

De to 500 ke horizontal amplifier pro- 

vides sweep magnifications of 1, 5, 

), 50, and 100, which, together with 

special horizontal position control, of- 
of fer a means of fine adjustment and 
cu- <amination of any 10-cm portion of 
nd- iagnified range. Full sweep range is 
me 02 usec/cm to 15 sec/cm.—Hewlett- 
au- Packard Co., 275 Page Mill Rd., Palo 
r’s Alto, Calif. 
ine more information circle 288 on inquiry card. 
ind 


“a ELECTR-INSTRUMENT 
ACCESSORIES 


ae RAPIDLY-VARIABLE CAPACITOR | -..-inthe Z@W? 
New “Model #1741,” applicable to —_— 
sweeping or scanning circuits, fea- 
tures a dynamically-balanced rotor 





Diaphragm Receiver Gauges 


The new USG Receiver Gauges provide a radical departure in 


which can be operated at speeds up to . h = 
é : : iv n 
1900 dees will ae vibentional teoblon. design and performance from any other Receiver Gauge o 


Capacitance variation is SLO with the market. : 

maximum of 128 mmf. and mini- The key to the design is a stack of nested diaphragms... 

mum of 7.5 mmf.—Johansen Mfg. made of Ni-Span “‘C’’, a special high nickel al.cy with a mini- 

Corp., Boonton, N. J. mum thermal shift, even under wide variations in ambient 
= For more information circle 289 on inquiry card. temperature. These capsules are arranged in stacks occupying 
th, minimum space yet providing a sturdy element with extended 
te TUNABLE DETECTOR | travel for precise pointer response. 


AMPLIFIER | Standard USG Receiver Gauges provide a sensitivity of 1/10 
New “Type FT-UBM” highly-sen- | of 1%, accuracy of +14 of 1%... both based on full scale 
‘ive tunable detector amplifier is readings, and are available in a choice of 414”, 6” or 814” dials. 
ays ote ve those applications where Write today for details on the USG Receiver Gauge, one of 
be Repenee: Se: rien &: Verne See the line of USG creatively engineered, process control instru- 
ments. This line includes pressure and temperature pilots, 

pneumatic transmitters, recorders and controllers. 


uw. i : — 86€6CUNNI TATES GAUGE 
) H Division of American Machine and Metals, Inc. 


e Sellersville, Pa. 
- BS Home of the SUPERGAUGE le, 
For more information circle 80 on inquiry card. 
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eator or amplifier with either a flat 
wideband response, or a pass band of 
adjustable bandwidth; is tunable 
from 45 cps to 400 ke.—Federal Tel- 
ephone & Radio Co., 100 Kingsland 
Rd., Clifton, N.J. 
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POWER SUPPLIES 





CONSTANT-CURRENT SUPPLIES 


Four new closely-regulated con- 
stant-current magnet supplies are for 
use with magnetrons, travelling-wave 


tubes, mass spectrometers, cyclotrons, 
etc.; provide long-term current sta- 
bility better than 100 parts per mil- 
lion, independent or supply line fluc- 
tuation or magnet heating; voltage 
ripple less than 0.1% peak-to-peak. 
Illustrated is “Model CS-3866” rated 
at 0-8 amp., 0-2500 v.—N J E Corp., 
345 Carnegie Ave., Kenilworth, N. J. 
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300 VDC SUPPLY 


New “Model 214” regulated power 
supply features a 6.3 vde filament 
supply for applications where low- 
noise filament circuits are required. 
A conventional 6.3 vac filament sup- 
ply is also provided. Additional fea- 
tures include provisions for remote 
control of unit. Main B+ voltage 
output, +300 vde at 20 to 200 ma, 
is regulated within 0.04%. Ripple is 
less than 0.003% and effective output 
impedance 2 ohms or less from 40 to 
4000 cps.—Link Aviation, Inc., Bing- 
hamton, N. Y. 
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REGULATED HV SUPPLY 


New improved version of “N-401” 
is an ultra-stable-regulated high-volt- 
age power supply for advanced areas 
of research and development. It is 
said to provide “a high degree of sta- 
bility heretofore available only with 
batteries.” Stability is limited only by 
VR tubes (which are the new ultra- 
stable 85A2 operated under constant 
current). When switched by coarse 
control, voltage can be reset to better 
than 10 ppm at any time. “N-401” 
provides continuously variable volt- 
ages from 500 to 1800 positive, at load 
currents up to 5 ma.—Hamuner Elec- 
tronics Co., Inc., P. O. Box 581, 
Princeton, N. J. 
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MAG-AMP-REG SUPPLY 


New “Model MR2432-100XA” mag- 
netic-amplifier-regulated de power 
supply has a voltage output of 24-32 
at 100 amp; is tubeless; contains no 
moving parts except a cooling fan 
and is said to be unique in that it 
has a 3.2-kw output from a cabinet 
only 26%” long x 17” high.—Perkin 
Engineering Corp., 345 Kansas St., 
El Segundo, Calif. 
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MINIMAL-SPACE SUPPLIES 


New “Models 281, 281M, 282 and 
282M” have a panel height of 544”; 
are rated for 200 ma, 125-325 vde for 


7254 
“281” and 281M,” and 325-525 vde for 
“282” and 282M.”—Lambda Elec- 
tronics Corp., 11-11 181st St., College 
Point 56, N. Y. 
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ELECTRONICS ENGINEERS 


PACKAGING ENGINEER 


To organize and lead new group on missile projects. 
Minimum requirements B.S.E.E. or M.E. with 5 
years electronics packaging experience. 


RADAR SYSTEMS ENGINEER 


For work on complex fire control systems and 
antenna design. 


FLIGHT CONTROLS ENGINEERS 


For development of automatic flight control sys- 
tems. 














CHARTS of all types 


VELA 


HEAT x ; ELECTRICAL 
RECORDING y RECORDING 


Over 40 years’ experience 
in serving the Instrument 
Industry. 


Charts for Ink, Electrical, 
Heat and Stylus recording. 
Special time numbering and 
perforations to meet widely 
varied specifications. 


For qualified applicants, interviews can be arranged 
at your convenience—either in your city or at the 
McDonnell plant. Moving allowance and assistance 
from our Housing Department upon arrival in St. 
Louis. Please send detailed experience resume to: 


Can we help you meet 
your specific requirements? 











TECHNICAL PLACEMENT SUPERVISOR 
PO BOX 516, ST. LOUIS 3, MISSOURI 


MIDONNELL 4, 4 Cronaton 











GUBELMAN PUBLISHING COMPANY 
100-106 EAST KINNEY ST. NEWARK 5, N. J. 
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PORTABLE POWER SUPPLY 


New “Model C-1450” is said to be 
“the first fixed/mobile design offered 
for amateur and commercial communi- 


7251 


cations equipment.” Three primary 
circuits enable user to power equip- 
ment from 6- or 12-v vehicular igni- 
tion systems or from 117-vac lines; 
de output up to 250 v at 100 ma for 
receiving and dual output of 500 v at 
175 ma and 250 v at 75 ma for trans- 
mitting. When powered from 117 vac 
it also supplies up to 10 amp for fila- 
ments at 6 or 12 v.—James Vibrapowr 
Co., 4050 N. Rockwell St., Chicago 18, 
Til. 
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RECTIFIERS 
TWIN-DIODE RECTIFIER 


New “Vac-u-Sel” twin diode mini- 
ature rectifier, for use as a horizon- 
tal phase detector in place of 6AL5 
tubes in TV sets, will find other ap- 
plications; is especially adapted for 
automatic assembly operations using 
printed circuits; costs about half as 
much as tube it replaces, will last 
many times longer than this tube, is 
far more rugged and resistant to 
breakage.—Rectifier Dept., General 
Electric Co., Lynn, Mass. 
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SILICON POWER RECTIFIERS 


New “Types IN503 through 
IN526,” featuring an exceptionally 
large power handling capacity for 
their size, can operate with extremely 
high reverse voltages and accompa- 
nying low reverse currents, and in 
ambient temperatures un to 125°C 
(257°F) owing to their inherently low 
thermal resistance..—CBS-Hytron Div. 
Columbia Broadcasting Systems, Dan- 
vers, Mass. 
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AMPLIFIERS 
TRANSISTOR AMPLIFIERS 


Two new oscilloscope preamplifiers 
neorporating “hushed transistor’’ 
principle: “VS-64A” ac amplifier has 
less than 0.45 uv rms noise voltage 
referred to shorted input terminals 
over a 60 ke pass-band; has an upper 
and a lower band-pass limiting switch 
making possible selection of restricted 

















LEPEL 


HIGH Fi FREQUENCY 
Seduction 


HEATING 


The Lepel line of Induction heat- 
/ ing units represents the most advanced 
(/ thought in the field of electronics as well as 
the most practical and efficient source of heat yet 


/developed for industrial heating. With a background of half 


a century of electrical and metallurgical experience, the name Lepel 
has become the symbol for quality in induction heating equipment 
embodying the highest standards of engineering achievement, dependable 


low cost operation and safety. 


If you are interested in the application of induction heating you are invited 
ito send samples of the work with specifications of the operations to be 
performed. Our engineers will process these samples and return the com: 
‘pleted job with full data and recommendations without any cost or obligation. 


TYPICAL INDUCTION HEATING APPLICATIONS 





A widely used application in which sev- 
eral assemblies, consisting of a brass 
body, six radiator fins and a mounting 
stud, are being soldered simultane- 
ously. The production of similar parts 
can be further increased by using two 
work coils and a change-over switch. 


The illustration shows a lens grinding 
block being heated within the dome- 
shaped work coil. The heat: generated 
in the metal block softens the pitch 
enabling the operator to remove the 
ground lenses and insert the next 
batch. The entire operation is com- 
pleted in a few seconds. 


Electronic Tube Generators—1 KW; 2)2KW; 
5 KW; 10 KW; 20 KW; 30 KW; 50 KW; 75 KW; 100 KW. 


Spark Gap Converters 2 KW; 4 KW; 7)2 KW; 15 KW; 30 KW. 


WRITE FOR THE NEW LEPEL CATALOG 7; » 36 illustrated pages packed 





with valuable information. 


All Lepel equipment is certified 
to comply with the requirements, 
of the Federal Communications, 
Commission. 





HIGH FREQUENCY LABORATORIES, INC. 


55th STREET and 37th AVENUE, WOODSIDE 77, NEW YORK CITY, N. Y 


For more information circle 82 on inquiry card. 


July 1956—IJnstruments & Automation—Page 1383 





NEW INSTRUMENTS 





band coverage between 3 db limits of 
amplifier which are 2 cps and 180 ke. 
% “VS-63A” direct-coupled de ampli- 
fier outperforms vacuum-tube ampli- 
fiers not only by having substantially 
less noise but also by having unusual- 
ly small drifts. Band-pass is 125 ke, 
adjustable in 9 steps to a minimum of 
300 cps.—Volkers & Schaffer Mfg. 
Corp., P. O- Box 996, Schenectady, 
N.Y. 


For more information circ 


MIXER AMPLIFIER 


New “Model JG2_ Transistorized 
Mixer Amplifier” is said to be “the 
first truly portable unit of its kind 

. ideal for remote-pickup record- 
ings, outside public-address systems, 
and on-the-spot interviews.” Entirely 


le 299 on inquiry card. 


self-contained; including a 13-v power 
supply which will accept any of a 
wide variety of standard mercury 
cells, it comprises two low-noise pre- 
amplifier stages, one low-noise mixer 
stage, one amplifier stage, and one 
output stage—Baird Associates, 33 
University Rd., Cambridge 33, Mass. 
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ELECTRICAL 
COMPONENTS 


LOW-COST PRECISION VDR 

New “Series G-20 Precision Po- 
tentiometers” are voltage-dividing re- 
sistors said to be “designed to give 





true precision at a new low price.” 
Among features: linearity 0.5% or 
better; radial or rear extension tur- 
ret terminals; non-metallic housing 
material of high dimensional stabil- 
ity, fungus-proof and moisture-re- 
sistant; power rating 1.5 watts at 
65°C (de-rated to 0 at 150°C).—The 
Gamewell Co., Newton Upper Falls 
er Mass. 
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SIMPLIFIED-PHASING VDRs 


New “Vari-Phase Precision Potenti- 
ometers” feature a simplified method 
of phasing multi-section voltage-di- 
viding resistors: permit external inde- 
pendent phasing of each sectional cup 
without affecting phase relationships 
of others in group. Moreover, phasing 
can be acco:nplished after mounting in 
equipment, by loosening a clamping 
nut, moving terminal board in de- 
sired direction, then retightening. No 
clamping rings to hold cups, hence 
reduced over-all diameter. Available 
in %”, 1%”, 15%”, 2” and 3” diam- 
eters.—Clarostat Mfg. Co., Dover, 
N. H. 
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SUBMINIATURE VDR 


New “Model 78 Sub-Miniature 
Precision Potentiometer” is a voltage- 
dividing resistor of the carbon-film 
type, offering virtually infinite reso- 
lution and capable of operating at 
150°C. Case diameter %”. Features 
include ball bearings, precious-metal 
pickoffs and precision synchro type 
mount. Additional cups can be ganged 
with a starting torque increase of 
only 0.02 oz-in per cup. Resistances 
from 500 to 500,000 ohms; linearities 
to 0.2%; wide variety of functional 
types.—Computer Instruments Co., 
1964 Utica Ave., Brooklyn 34, N. Y. 
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yael p-? 


- y 


gntog! aph 
Engraver 


Unique design 
imensional Model D-2 fea- 
micrometer adjustment con- 
al depth of cut, and adjusts 
eight pe cepy table and pantograph. 

of ratios from 2 to | to infinity! 
on three sides permitting 
6 30"' diameter to be engraved, 
profiled. Vertical range over 
g operations on complete 
binets or other bulky objects. 


stability and precise accu- 
in construction. 

Hucted heavy duty steel Green 
T parts are conveniently within 
ted. Accessibility of master 
trays, tools and accessories 


i! details is yours upon request. 


Literatute also available on the smaller 
Model 106 three-dimensional engraver. 


GREEN INSTRUMENT COMPANY 
383 Putnam Ave., Cambridge, Mass. 
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The es onaedte tae 
pyrometer with interchangeable 
direct-reading scales 





Temperatures 

Read Directly. 

No graphs, 

charts or 

conversion 

tables 
Interchangeable 
scales measure 
all types of 
thermocouples 


, 


... checks and calibrates all types 
of temperature instruments. 


“Pyrotest’” is the most versatile instrument of its type. 
Compact, rugged, easy to carry (12 Ibs... . 124%" x 
9” x 844”). Accurate to K% of 1%. 5 instruments in one— 
with a scale for every use, interchangeable in 30 sec- 
onds. Self-contained power supply. Write for free Bul- 
letin 112. 


TECHNIQUE 
ASSOCIATES, INC. 


211 E. SOUTH STREET 
INDIANAPOLIS 25, IND. 
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VOLUME CONTROLS FOR 
GRAPHIC CIRCUITS 


New line of carbon volume controls 
includes types for mounting directly 
on circuit panel, self-supporting snap- 


in models for top-of-panel mounting, 
and threaded-bushing types. Mounting 
tabs and terminals are accurately po- 
sitioned to assure correct assembly by 
automatic production machines. Units 
can be supplied with maker’s new line 
switch that utilizes “floating ring” 
contact action.—P. R. Mallory & Co., 
Jne., Indianapolis, Indiana. 
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WIRE-WOUND CONTROLS FOR 
GRAPHIC CIRCUITS 


New 2-watt variable resistor, for 
use in printed-wiring assemblies, has 
terminals that facilitate mounting 





and connections. Tap is mechanically 
positioned 180° from center terminal, 
but can be electrically positioned to 
any percentage of resistance desired. 
Resistance values from 1 ohm to 50,- 
000 ohms.—Clarostat Mfg. Co., Dov- 
er, IN. EE: 

F 
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SEALED CAPACITORS 


New “Type-D” low-priced moder- 
ately-small capacitors feature ex- 
tremely high insulation resistance; at 


cast 106 megohms per microfarad at 
om temperature; also dielectric ab- 
s-rption of 0.1% superior to oil and 
ax paper). Ratings 100 to 600 v 


‘ SERVO 
MOTOR- - 
GENERATORS — 
FOR EVERY | 

PURPOSE 


Kearfott Servo Motor-Generators are characterized by fow rotor inertia, low 
time constants and high stall torque. Motor-Generator combinations pro- 
vide % to 3.1 volts per 1000 R.P.M. with an extremely linear output over a 
speed range of 0—3600 R.P.M. and useful output up to 10,000 R.P.M. 


* New Size 11 low cost, Servo Motor-Damping Generator Type R 809, 


CHARACTERISTICS 





FYPE 


MOTOR 


GENERATOR 





STALL TORQUE 


OUTPUT 


NO LOAD SPEED | FUND. NULL | LINEARITY - 





DAMPING 


SIZE 15 
SIZE 15 
SIZE 18 
SIZE 18 


*INTEGRATOR 








*Integrator Tachometers are temperature stabilized 
: 1 | 


Kearfott components satisfy all re- 
quirements for high accuracy, light 
weight and smail size. 


KEARFOTT COMPONENTS INCLUDE: 
Gyros, Servo Motors, Servo and Magnetic 
Amplifiers, Tachometer Generators, Her- 
metic Rotary Seals, Aircraft Navigational 
Systems, and other high accuracy mechan- 
ical, electrical and electronic components. 
Send for bulletin giving data of Counters 
and other components of interest to you. 


+ 5% 
5% 
‘5% 
5% 
‘5% 
5% 








A SUBSIDIARY OF 


KEARFOTT COMPANY, INC., LITTLE FALLS, N. 9. 


Sales and Engineering Offices: 1378 Main Avenve, Clifton, N. J. 


Midwest Office: 188 W. Randolph Street, Chicago, Ill. 


South Central Office: 6115 Denton Drive, Dallas, Texas 


West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif. 
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RAWSON 
THERMOCOUPLE METERS 


R.M.S. Readings 

No Wave Form Errors 
SINGLE RANGES from 1 ma full scale 
to 10 amperes full scale. Good from 
DC to 2 megacycles and higher. 


MULTIPLE RANGE INSTRUMENTS 
RAWSON THERMAL MULTIMETERS 
Write for Bulletin 502 


Other Rawson Instruments 

DC METERS AND MULTIMETERS 
FLUXMETERS 

ELECTROSTATIC VOLTMETERS 
WATTMETERS 

ELECTRODYNAMOMETER TYPES 

SINE COSINE POTENTIOMETERS 

ROTATING COIL GAUSSMETERS 


RAWSON ELECTRICAL 
INSTRUMENT COMPANY 


112 Potter Street Cambridge, Mass 
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ee 
METAL g 


=, 


on morEm 
PER MIN. 


EMBOSSED METAL TAGS made from strip 
ALUMINUM or BRASS with any lettering og 
Brumbering you need, can be made in the 

ACROMARK Model 2N Automatic Emboss- 
ging Machine. Write for full details. 


& 3-11 Morrell St., Elizabeth 4, N. J. 
“'The Original Marking Specialists'' 


fam wee ee ee 
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with capacitance values up to 25 uf. 
No larger than corresponding oil 
paper capacitors.—Film Capaci- 
tors, Inc., 3400 Park Ave., New 
York 56, N. Y. 
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HIGH-TEMP CAPACITORS 


New “uncased Mylar” plastic-film 
capacitors are said to be available “in 
sizes smaller than any other mini- 
ature capacitors, and at very low 
prices.” They operate dependably at 
temperatures up to 200°C (392°F) 


ELECTRONIC 


ms “Tie 

and are claimed to equal or excee 
best technical features of conven 
tional equivalent-rated paper-dielec 
tric and other cased types.—Capcon 
Inc., 25 Willett St., New York 2, N. Y. 
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COMPONENTS 





SILICON POWER DIODES 


New silicon power diodes are rated 
for 300 ma dc rectified output current 
when mounted by leads in free air at 


spe 


ambient temperatures up to 100°C. 
When mounted on cooling fins; they 
can be rated for 1.25 amp rectified 
output current at a case temperature 
up to 150°C.—International Recti- 
fier Corp., El Segundo, Calif. 
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POWER TRANSISTORS 


Six new germanium power transis- 
tors for handling up to 20 watts in- 
put are p-n-p power junction type; 
originally developed to meet US Sig- 
nal Corps specs. Types are available 
for nominal 12- and 28-v operation. 
Collector is electrically connected to 
metal housing but, where it must be 
insulated from chassis, a large 
mounting flange permits rapid heat 
flow through insulating material._— 
Clevite Transistor Products, 241 
Crescent St., Waltham 54, Mass. 
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SILICON JUNCTION DIODES 


New “Types 660, 661, 662 and 663” 
axial-lead glass-encapsulated high- 
conductance silicon junction diodes for 


use in precise signal rectification have 
wide application in circuits requirin; 
high uniform forward currents an 
extremely low back currents at ele 
vated temperatures. At 150°C ambi 
ent, all four types have forward cur- 
rent ratings of 25 ma and revers: 
currents of 30 ua. At 25°C, 100 m: 
forward and 0.1 ua reverse.—Tewa. 
Instruments, Inc., 6000 Lemmon Ave.., 
Dallas 9, Texas. 
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SUBMINIATURE TRANSISTOR 


New “M-1,” believed to be the small 
est transistor yet developed (mor 
than 20 can be placed on a dime) is of 


p-n-p type; operates in AF range: 
performs functions of large-size tran 
sistors; withstands 20,000 G; i: 
housed in a hermetically-sealed meta 


can.—Philco Corp., Gov’t & Ind’! 
Div., 4700 Wissahickon Ave., Phila 
delphia, Pa. 
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PULSE TRANSFORMER 
is New “Typ: 
PT-100” minia 
ture encapsulate: 
unit plugs into : 
miniature Nova 
socket; can b 
shielded and re 
tained in place b: 
using a standard miniature tub 
shield. Its four windings are insu- 
lated from one another and can b 
connected in various ways for im 
pedance matching. It can be used i: 
blocking oscillator circuits: diagram 
and data available from maker.— 
Berkshire Laboratories, 682 Bank Vii 
lage, Greenville, N. H. 
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COMMUNICATIONS FILTERS 


New line of 
communications 
filters comprises 
various types, 
frequency char- 
acteristics and 
impedance 
matches to clari- 
fy all types of 
keyed audio sig- 
nals. Units are 
especially de- 
signed for mini- 
mum “ringing” or 

“tailing” and for best results under 
dynamic conditions—H. O. Boehme, 
ine., 915 Broadway, New York 10, 
[ahs 
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DELAY LINES 


New “Custom-built Delay Lines” 
re specifically designed to meet elec- 
‘vical and mechanical requirements of 


9 
vrinted circuits; are said to “provide 
naximum delay/rise-time ratio for 
extremely low cost,” can be supplied 
in rectangular or tubular housings 
with leads at any angle; operate from 
-55°C to 125°C.—ESC Corp., 534 
Bergen Blvd., Palisades Park, N. J. 
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SQUARE SEALED DELAY LINES 


New hermetically-sealed delay lines, 
in 0.4” maximum square metal tubing, 
are provided with No. 20 tinned cop- 





per wire for use in printed circuits; 
are available in each impedance level 
and delay time. One design empha- 
sizes maximal delay per cubic inch 
with a fair rise-time; second combines 
moderate delay per cu in with good 
rise-time; third emphasizes fast rise- 
t'me and a low delay per cu in—PCA 
Llectronics Inc., 2180 Colorado Ave., 
Santa Monica, Calif. 
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FLEXIBLE COAX SECTION 


New 3%” UHF flexible coaxial sec- 
t'on makes it possible to isolate shock- 
mounted gear from its associated rigid 














THE 
PROBLEM... 


UNIVERSAL 
INSTRUMENT 
BENCH 


To prove out and test instru- 
ment systems in: Optics, 
Electronics, Physics, Photog- 
raphy, Electro-Mechanics, 
and Allied Fields. 


By the use of over 50 


components which can 
be assembled in thou- 
sands of combinations. 
With any number of 
these components, a tre- 


THE 
APPROACH... 


mendous range of in- 
strumentation setups 
can be made in a mat- 


ter of minutes. 
y 





THE 
SOLUTION... 


The illustration shows a set-up 
for testing the image quality 
of an electron tube or the op- 
tical properties of a lens. 





For research and 
development on the 
production line in 
assembly and inspec- 
tion industrial pho- 
tography. 


« 


AREAS OF 
APPLICATION... 


Write for Complete 20 page Illustrated Catalog 


Q-0-S CORPORATION 


39 WEST 60th STREET 


For more information ci 


July 


NEW YORK 23, N. Y. 
rcle 88 on inquiry card. 
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if you are interested in 
keeping in touch with 
the latest develop- 
ments in - - 


INSTRUMENTATION 


AUTOMATIC 
CONTROL 


AUTOMATION 


-- you 
cannot afford 
to miss the 


3rd International 
Automation 


Exposition 


November 26-30 
New York Trade Show Bldg. 


Mon- 
to 9 


EXHIBITS—-Admission free, 
day to Friday 1 
p.m. 


CLINIGS—Computers, Process Au- 
tomation, Machine-tool 
Automation, Servomech- 
anisms, Electromechani- 

cal and Electroriic com- 

ponents—Tuesday to 

Friday, 9:30 am. to 

12:30 p.m. Fee $10. Write 

for registration form or 

see page 1343. 


2 EXECUTIVE 
CONFERENCES— Automation for 


the Office, and Human 
Engineering for Automa- 
tion. Write for informa- 
tion. 


RICHARD RIMBACH ASSOCIATES 
845 Ridge Ave., Pgh. 12, Pa. 
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NEW INSTRUMENTS 





transmission line in an_ increased 
number of radar and communication 
systems; is useful also in complex 
rigid transmission lines for either ab- 


sorption of large mechanical tolerance 
buildup, expansion and contraction, or 
misalignment between rigidly-mount- 
ed mating flanges.—Airtron, Ince., 
Dept. B., 1103 West Elizabeth Ave., 
Linden, N. J. 
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ELECTROMECHANICAL COMPONENTS 


ASSEMBLY KITS 


New “Servoboard Electromechanical 
Precision Assembly Kit” has been 


completely revamped by addition of 


five times as many new parts. Four- 
teen component hangers prebored to 
various sizes; four blank hangers; 
gears previously available as only 
“solid-hub“ components are now avail- 
able as split hub gears; adapter gears, 
mitre gears, bevel gears and anti- 
backlash gears have been added to the 
list. Bearing hangers, dial assemblies, 
shaft adapters, couplings, terminal 
assemblies, a handcrank, magnetic 
clutches, a differential (with various 
end gears) and inertia load discs are 
included.—Servo Corp. of America, 
20-20 Jericho Turnpike, New Hyde 
Park, L. I., N. Y. 
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SUBMINIATURE RELAY 


New hermeti- ‘ 
cally sealed relay §& yh 
measuring 1” 
square by 1 3/64” 
high surpasses 
applicable por- 
tions of MIL-R- 
5757C. Operating 
temperatures to 
125°C; long life 
at rated contact 
load of 2 amp 28 vde or 115 vac. Coil 
resistance 50 to 10,000 ohms. Form 
A, B or € contact arrangement with 
a maximum of two poles.—Hi-G, Inc., 
Bradley Field, Windsor Locks, Conn. 


For more information circle 318 on inquiry card. 


LIMIT-TYPE SWITCH 


New “Model 750 Snapac” features 
a new and improved switching mech- 
anism which provides longer life; has 
a liberal overtravel, total travel 4” 
to 3%”, hence recommended where ac- 
tuating motion cannot accurately be 
controlled. Rating (UL) 15 amp 125 


7243 


7220 


vac, 10 amp 250 vac, % hp 125/250 
vac. Available circuits include sp-st 
normally open or closed and sp-dt. 
Suitable for limit, safety-interlock 
and control applications—Controls 
Corp. of America, 9555 Soreng Ave., 
Schiller Park, Ill. 


For more information circle 319 on inquiry card. 


MINIATURE WAFER SWITCH 


New “Miniature Series” rotary 
switches for instruments, computers, 
RF switching, etc., are available in 


both shorting and non-shorting types 
with one to four poles per deck and 
two to 32 positions per deck. Up to 
six decks can be ganged.—Shalleross 
Mfg. Co., Collingdale, Pa. 


For more information circle 320 on inquiry card. 


SNAP SWITCH 


New “S 2500 Series open type snap- 
action switch features quick-connect 
terminals and 1-%” centers of mount- 


ing holes which make it a standard 
replacement for present solder ter- 
minal models. It is available in many 
combinations of actuator arm configu- 
rations, operating forces, and electri- 
cal ratings to 10 amps, % hp.—Cher- 
ry Electrical Products Corp., 1650 
Deerfield Road, Highland Park, Iil. 


For more information circle 321 on inquiry card. 








AIRCRAFT CONNECTOR 


New “Super-16” features a “hood- 
ed” front construction that makes im- 
possible the entrance of oversize test 


ae YOU GET 3 
70R — v0 sect wae 
probes. Feature is light weight: on an | BIG SAVI ag ts 


average fighter plane about 5 lb will 
be saved.—American Phenolic Corp., 
1830 S. 54th Ave., Chicago 50, Il. 
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COAXIAL CONNECTORS = 
Coanial Connector” combines high | WITH STANDARD 
frequency range (10,000 Mc) and | ‘ 

R-S BUTTERFLY 
VALVES 


IN CATALOG 160 


weather-proofing with such new and 

desirable features as a collet clamp- 

ing device, and locked-pin contact. | : , : ‘ . 

—Diamend Div., Cawnen Electric Co., Based on 20 years’ experience in process industry applica- 

7 North Ave., Wakefield, Mass. tions, R-S Butterfly Valves are now standardized. All com- 

For sage Talivenaliion <hitiy Mian labels ceed. ponents for those most commonly used, in sizes from 4” to 
48”, are carried in stock. By specifying standard R-S Valves, 


UHF CONNECTORS | tates 
New “83-850” completely solderless, | 1. SAVE ON INITIAL DELIVERY — You can be 
and “83-851” semi-solderness, UHF sure of immediate service, because standard R-S Valves are 
plugs eliminate operation of soldering ready for faster assembly and shipment. 


2. SPEED REPLACEMENTS ~ Availability and 
faster delivery on standard R-S Valves can help you solve 
replacement problems and avoid costly, unscheduled shut- 
downs. 


3. ELIMINATE ENGINEERING — In this new Cat- 

alog 160, you get the complete dimensions, layout drawings, 

specifications and materials for all pressure ratings of R-S 

Butterfly Valves that are now standardized. Data on oper- 

ators and positioners is included. 

As new ratings are standard- 

| ized, other sections will be pub- 
103, lished. To get a free copy and 
| assure yourself of future sec- 
tions, contact your SMS repre- 
sentative or write S. Morgan 
Smith Company, York, Penna. 








cable braid to connector shell and, be- 
ing re-usable, are suitable for lab and 
service use where they can be as- 
sembled and disassembled for differ- 
ent projects.—American Phenolic 
Corp., Chicago 50, Ill. 
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GATES & HOISTS 
TRASH RAKES 


MOTORS, etc. wpa si ACCESSORIES 
aaenrene oy Seren ' , HYDRODYNAMICS 


New “Moto-Mite” miniature wound- 
field de motor can be wound shunt, 
series, or split series. Armatures, > Vw = ROTOVALVES fim FREE-DISCHARGE 
bcarings and brush assemblies are — be . Looe BALL vawves am ues 
interchangeable with maker’s PM de CONTROLLABLE- 
motors. Armature windings are avail- Ov TALIES SHIP PROPELLERS 


able for a wide variety of speed and 
tirque characteristics. Either spur or AFFILIATE: S. MORGAN SMITH, CANADA, LIMITED «© TORONTO 


‘ 
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Why have orders for this 
unique miniature timer increased 
496% in the last year? 


. . . because Atcotrol is years ahead 
in benefits for both the installer and 
the user. Only by seeing Atcotrol 
performance, can you fully realize 
all its advantages. 


All terminals face the rear and are 
protected by an arc barrier to facilitate 
wiring and eliminate possibility of 
shorts. One piece terminal block is 
made of strong acrylic resin, 
fibre-glass reinforced. 


Large, vertical silver contacts assure 
cleanliness and non-burning, low 
resistance conductance. Good contact 
wiping action. 


FREE TRIAL OFFER 

TO EQUIPMENT MANUFACTURERS 
You can fully evaluate Atcotrol 
performance on the equipment 
you manufacture, under your 
operating conditions, in your 
laboratory, without obligation. 
An Atcotrol will be sent to you for 
test purposes, without charge, for 
as long as you need it. 





FIVE OPERATIONS 
CHECKED BY 
OBSERVING TIME FACE 
1) Total cycle time, 2) elapsed 
time, 3) motor operation, 

4) clutch operation, 5) switch 
action. 


HIGH REPEAT ACCURACY 
Unique, non-slip clutch with 
infinite engagement points 
eliminates gear teeth mesh. 
Long life, unaffected by wear. 


AMAZING CIRCUIT 
VERSATILITY 

Reset or non-reset by merely 
changing rocker pivot position. 
Six load circuits accommodated. 
147 circuit arrangements. 





AUTOMATIC TEMPERATURE CONTROL CO. 








NEW INSTRUMENTS 





Half 
size 


planetary gear trains can be used as 
gear reduction. A governor is avail- 
able, as is a brake. Rating 1/200 hp 
continuous duty and 1/75 hp inter- 
mittent duty.—Globe Industries, Inc. 
1784 Stanley Ave., Dayton 4, Ohio. 


For more information circle 325 on inquiry card 


MINIATURE MOTORS 


New “1200 Frame” de motors, espe- 
cially designed for use in airborne 
accessory equipment, are miniaturé 


permanent-magnet units; 5000 to 22, 
000 rpm; ratings of 1/300 to 1/75 hp; 
are said to “feature voltage outputs 
ranging from 6 to,28 volts.” Iilustra. 
tion shows blower application.—In- 
duction Motors Corp., 570 Main St. 
Westbury, L. I., N. Y. 


For more information circle 326 on inquiry card 


MOTOR GEAR HEAD 


New “Model 750-GH” ultraminia 
ture precision motor gear head for 
adaptation to Size 8 motors weighs 


Actual — 


1% oz; is 0.750” in dia. and, in its 
“solid type” model, 1” long; features 
low starting torque (0.004 oz-in) ; ra- 
tios up to 650:1 without increase in 
length (up to 20,000:1 in longe: 
units).—Bowmar Instruments Corp.., 
2601 Pennsylvania St., Fort Wayne 
Ind. 


For more information circle 327 on inquiry card 


AC MOTOR-TACHOMETER 


New high-precision 400-cps minia 


Subsidiary of Safety Industries, Inc. 
5224 Pulaski Avenue, Phila. 44, Pa. 


Please send me an Atcotrol on consignment, 
for test purposes. 


ture ac motor-tachometer, originall: 
designed for airborne precision inte 
gating and rate servos, feature 
0.05% linearity error over 0-4000-rpn 





NAME 





COMPANY. 








STREET. 


CITY. oe 
IN CANADA: POWERLITE DEVICES, LTD., TORONTO, MONTREAL AND VANCOUVER 
For more information circle 90 on inquiry card. 
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range, 0.05% scale error over ambient 


temperature range of —55°C to 75°C; | 
and 400-cps null voltage is reduced to ; 
virtually zero (less than 1 mv in | 
phase and quadrature). Output at 8 MODEL Gundy 


3600 rpm is 3.6000 volts within 0.05% 
and is in phase with excitation voltage | = ale, Meas eel a 

within 0.05°. Tachometer has a built. OEE>E~EoOU , = 4 
iv 
/ 


in heater and thermostatic control. | Pr 
Precision Components, Inc., 65 Rush- RESISTANCE METER i 
more St., Westbury, L. I., N. Y. | 
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TORQUE SOLENOIDS 


New “Pacsol” snap-action torque 
olenoids meet rigid military and air- 
‘raft requirements; are furnished in 
i broad range of performance charac- 
eristics—each a standard feature en- 
ailing no increased cost. Operating 
yrinciple is conversion of axial mag- 
1etic pull into powerful rotary stroke yo 
yy means of a compensated cylindrical Yes eGoOHMS 
am and dual rollers. Advantages: : YA, 

\xial shaft movement being elimi- | FF ™ , . [SIE] 

iated, there is no need to absorb line- | fo." a gamened ch 
ir shaft motion. Units can be coupled | &¥ ' Seuston. TEXAS USA 

lirect to load without intervention of 
splines or complicated linkages. Any 
legree of shaft travel is supplied, 
from 5° to 60° rotation, in increments 
is small as 1°, without extra tooling 
‘harge. User can obtain any torque 
‘urve needed. Torque values up to 15 
b-in or more, in a unit measuring 
148” D x 1%” L.—Pacific Solenoids, 
Ine., 208 Standard St., El Segundo, 
Calif. 
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FLUID DRIVE 


New “Willo Fluid Drive,” for use 
with FHP motors, is said to incorpo- 
rate desirable features hitherto un- 


Se 
Pi ig Se heel, 
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% of 


gui 
Fae 


os | Ray Be? DIRECT READING FROM O 
available in this type of power trans- | "Ah : OHMS TO 10 000 000 
eh s ; ti] 7] 


mission unit, and to provide full 100% | 
efficiency. No slippage while under | f#**) ; 

full load. Safety protection against | 4)%:' . oo MEGOHMS 
shock overloading results from em- | 
ploying a unique torque conversion 
principle. Permanently sealed housing 
cbviates need for servicing.—Will-O- 
Hill Industries, Inc., 37611 Euclid 
Ave., Willoughby, Ohio. 
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Be 
ck a 


Bs 


¥ 

hin pti. wage EE 
~ait 
= 


@ 3 TEST VOLTAGES: 12, 50, 500 VOLTS 
@ ACCURATE WITHIN 3% TO 1,000,000 MEGOHMS 


@ PRE-SETTABLE “CHARGE ADJUST” CONTROL FOR RAPID 
GO, NO-GO CAPACITOR CHECKING $200 


AIR MOTOR | ep SIE 
New air motor is of constant-dis- | i&} 


lacement rotary-vane design; weighs  j/71) §QUTHWESTERN INDUSTRIAL ELECTRONICS CO. 


% lb and develops 2% hp per 100 psi Reatiel a 


si). Over-all efficiency approaches 1 P.O. BOX 13058 2831 POST OAK ROAD HOUSTON 19, TEXAS 

0% at speeds between 3000 and BS iy 

(000 rpm. Qualified for missile ap- 

ications over ambient range of | oe 8d [ie Pe 

—20°F to 160°F and accelerations of OF LEE Fae a OAL TRL HE EOS ld Te PORE Re CECE MA 
j For more information circle 91 on inquiry card. 
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NEW INSTRUMENTS 


THE MOSELEY 
FANS ee @lei 74% 


trade mark 
> arm 


plot your test data with.. 


ae a Onn On Od <a 


07% 


60 G; withstands inlet gas tempera- 
tures in excess of 1000°F for as long 
as two minutes; requires no in-line 
lubrication. Motor on right contains a 
unique governor which maintains 
speed constant within 2% for load 
transients of 10%.—Bendix Pacific 
Div., 11600 Sherman Way, No. Holly- 
wood, Calif. 
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MECHANICAL 
COMPONENTS 


BREADBOARD KITS 


New kits comprise gears, shafts, 
differentials, breadboard plates, hang- 
ers, bearings, etc. Kit “D” has 655 
; MODEL 3 — 

Desk Type 

8%" x 11” paper 
X-Y Recorder- 
Curve Follower 


Tnreé_versatile models feature ranges from 5 millivolts to 500 volts; 
200,000 ohms per volt input resistance; zero set and full scale zero 
off-set; speeds up to % second full scale; accuracy of 0.25%. 





Rugged and stable, all models provide facilities for curve drawing and 
curve following. Digital data may be plotted in point form from key- 
board, tape, or card sources, utilizing accessories described below. 


MODEL 1 MODEL 2 
Drum type ' Flat-bed 
84” x 11” paper ; 11” x 16%” paper 
X-Y Recorder- X-Y Recorder- 
Curve Follower Curve Follower - 
Point Plotter 





MODEL 40 KEYBOARD provides a con- 


Bulletins describing these 
instruments are available and 
we'll be glad to send them to you. 


venient means for plotting large amounts 
of tabular data in point-curve form. Self- 
contained voltage source together with full 
three column keyboard in both X and Y 
axes; unit plugs directly into MODEL 2 
AUTOGRAF. 


MODEL 20 DC VOLTMETER is a servo- 
actuated, fast, accurate and sensitive instru- 
ment. Has large, easy-to-read scale for 
general laboratory use where ranges from 
3 millivolts to 300 volts are desired. For 
data handling it is furnished with a built-in 
Coleman digitizer and delivers digital out- 
put for operation of -printers, typewriters, 
tape or card punches, etc. 


MODEL 30 CARD TRANSLATOR con- 
verts information from punched cards into 
point form for automatic plotting. Handles 
up to 50 cards per minute, 10 to 200 counts 
per inch. Plugs directly into MODEL 2 re- 
corder, controls both card reader and re- 
corder for completely automatic operation. 


L, MyeeeelEY CoO. 


Fair Oaks Ave., Pasadena, Calif 


For more information circle 92 on inquiry card. 
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pieces; “F” has 518 and “S” has 425. 
All gears are fine-pitch series, 96 
pitch, 20° pressure angle, %” shaft 
size.—PIC Design Corp., 160 Atlantic 
Ave., Lynbrook, L. I., N. Y. 
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POWDERED-METAL GEARS 


New gears, made from powdered 
metal by a new improved process, 
equal or surpass conventional cut 


gears in performance, wearing pat- 
terns and accuracy. Their cost is 30% 
below that of cut gears.—A. A. Spe- 
cialty Gear Co., 12327 Edwin Ct., 
Cleveland 12, Ohio. 


For more information circle 333 on inquiry card. 
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HELICAL SPUR GEARS 


New “Type AG” precision helical 
spur gears are immediately available 


rn 


from stock in three bore sizes 4%”, #3”, 


nd 4” with 20 to 80 teeth in both 
tainless steel (clear passivated) and 
aluminum (chromic acid anodized) .— 
IC Design Corp., 160 Atlantic Ave- 
ue, Lynbrook, L. I., N. Y. 
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DUAL-DRIVE ADAPTER 


New “Circle Ess” dual drive adap- 
er is used in conjunction with flexible 
haft drives; provides two gear ra- 


ios from the same power source; is 
squipped with threaded connections 
having 0.104” internal square drives 
and in ratios of 1:1, 15:1, 16:1 and 
17:1 for either left or right rotation. 
Body is aluminum alloy with brass 
connectors; hardened steel gears run 
in oil-lite bearings which are perma- 
nently lubricated for high and low 
temperatures. Weight 4 oz.—F. W. 
Stewart Corp., 4311 Ravenswood Ave- 
nue, Chicago 13, Il. 
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BALL BEARING 


New “Versa-Twin” is a unique type 


of double-row unground ball bearing 


in which parts of the machine or other 


end product are used to form the in- 


ner and outer races. Applications are 
said to be practically unlimited but 
earings must be engineered into the 
redesign of an existing product or 
nto the design of a new product. 
inner race can be customer’s product 


Giannini Potentiometer Innovations 


other 
features: 


COMPACT—7%" DIAMETER 
HIGH RESOLUTION—TO 0.6% 
LOW TORQUE—1 OZ. IN. 
RESISTANCE TO 100K OHMS 


Giannini has created a completely new potentiometer to work hand 
in hand with today’s rapid advancements in electro-mechanical 
systems. The Giannini 875T high temperature potentiometer, rec- 
ommended for applications requiring high power accommodation 
at elevated temperatures, is capable of continuous operation at 
temperatures to 200°C and is constructed to dissipate two watts 
at 150°C. In addition to its outstanding thermal characteristics, 
this precision potentiometer offers the precise linearity and fine 
resolution usually associated with much larger instruments. 


875T —the most significant milestone in potentiometer achievement 
since the introduction of Giannini’s infinite resolution “Spiralpot” 
—rounds out the definitive line of Giannini electro-mechanical 
products which also includes the well known ultra-low torque 
“Microtorque?’ Just as these instruments are unique in their respec- 
tive categories, it is anticipated that the 875T will similarly 
become the standard for high power, high temperature applications. 


ELECTROMECHANICAL DIVISION 





G.M.GIANNINI & CO.,INC. © 918 E.GREEN ST., PASADENA, CALIF. 
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NEW INSTRUMENTS 
shaft, an adaptation of it, or a shaft 
fitted to a part; outer race, too, can 
be a functional component. “Versa- 
Twin” offers great stability and is 


double-acting, because it can carry 

both radial load and thrust load in 

_, x <3 <> | both directions, locking moving parts 

see | into desired axial position. Specific 
| friction factor 0.0015. Practically any 

From a single-rack recording system to a multi-console data material or combination of materials. 
processing center, Electronic Engineering Company has the No definite limits on size, but bearing 
experience and personnel to design and produce the equip- has been made te date rid sizes rang- 
ment you require. EECO design techniques, perfected over ing from # OD x #4” L to about 1%” 
years of systems work, can be put to work for you in an | OD.—Hartford Steel Ball Co., 12 Jef 


EECO engineered system—freeing your own engineering » - 
7 staff for tasks specifically related to your products. | ferson Ave., West Hartford 6, Conn. 





For more information circle 336 on inquiry card. 
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VALVES, etc. 
ROCKET TEST VERSATILE '4” VALVES 


New %” “D Pilotair Valves” are 
suitable for use as directional valves, 
interlocking valves, transfer valves, 


: i oa al ms sequence valves or shut-off valves in 
| pneumatic control systems with pres- 

‘ { ; | sures as high as 250 psi and tempera- 

Bee gee — | tures as high as 200°F. Sectionalized 


kK | construction permits over 3,000 dif- 
FLIGHT TEST | OR mm ferent 2-, 3- and 4-way valves to be 
Bs 3 | assembled from a few basic parts. 
Valves can be operated manually, 
pneumatically, mechanically or elec- 
trically. When desired, two operators 
(not necessarily of same type) can 
be assembled on the same valve.— 
Westinghouse Air Brake Co., Wil- 
merding, Penn. 
For more information circle 337 on inquiry card. 


ASKANIA THEODOLITE DATA )>——t——q{ GROUND TELEMETERING DATA 























TRACKING RADAR DATA EECO Central Data Processing System, Edwards 


Air Force Base. System gathers data from aircraft, 
rocket test facilities, tracking radar, high-speed PRESSURE REGULATING VALVE 
L track, and processes data for analysis and/or | New “Type 3381” 








computer input. | pressure reducing and 
regulating valve is 5- 
5a” high and 25” face 
to face; controls air, 





HIGH-SPEED TRACK TEST | water, oil, steam and 
| most liquids and gases. 
Plug-in Circuits Body and trim 
A | are bronze, seat 
developed for EECO systems, ; | and diaphragm 





provide a key to lower cost are bronse or 
composition. Sizes 


equipment design and fabrication. as. | ose &* and OF 
Data on standard and custom | with screwed 


: : : “ ends (%” on 
circuits available in catalog special order). Valve can operate at 


inlet pressures as high as 400 psi at 

150°F and 250 psi at 400°F. Five 

Electronic | Interesting and challenging work in systems __ spring ranges are available for de- 

Engineers | and related projects offers unusual employ- livery pressure from 5 to 300 psi.— 

and | ment opportunity at EECO. Send resume to the A. W. Cash Co., P. O. Box 551, De- 
Physicists | attention of R. F. Lander. | catur, Ill. 
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METERING VALVE 


El ectronic Engi neering Comp any | New single-stage torque-motor-driv- 
. of California | en valve converts an electrical signal 

| to a straight-line gradient response 
and its subsidiary | for hydraulic or pneumatic applica- 

EECO Production Company | tions. Pressure 0 to 1500 psi; hystere- 


. - sis 3% maximum; differential input 
180 South Alvarado Street « Los Angeles 57, California <6 sun-anesie: ail saakiiane ee 
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chms + 5%; delivery 150 cu in per 
minute at full current differential.— 
Vational Water Lift Co., 2220 Palmer 
-ive., Kalamazoo, Mich. 
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sheet CONTROLLED VALVE 


New two-way 
direct-solenoid- 
controlled valve 
features “in-line” 
construction 
which makes it 
easy to inspect 
and service. All 
control parts can 
be removed in one 
small assembly 
without disturb- 
ing piping, by 
loosening one 
hexagonal nut. 

7388 =6Primarily for ac 

applications; 

pressure and vacuum;  normally- 

closed; available in standard pipe 

sizes from 4” through 2”.—Airmatic 

Valve, Inc., 7317 Associate Avenue, 
Cleveland 9, Ohio. 
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SOLENOID VALVES 


New solenoid 
valves have syn- 
thetic diaphragm 
that ‘“‘floats’’ 
free, providing 
greater fluid 
flow at lower 
pressure’ differ- 
entials than do 
preceding mod- 
els; are pilot-op- 

71s5 erated with no 
metal-to-metal 
contacts to wear; are guaranteed for 
eighteen months. Operate satisfactor- 
ily with any pressure differential be- 
ween and 1 and 250 psi; are avail- 
ible in a wide variety of sizes with 
ort openings from %4” to 1%” dia; 
crew, solder, or flare connections. 
‘oil assemblies for all valves are in- 
erchangeable.—Division €, Jackes- 
Tvans Mfg. Co., 4427 Geraldine Ave., 
St. Louis 15, Mo. 


or more information circle 341 on inquiry card. 


QUICK-ACTION VALVES 


New “Quick-Dump” flow control 
valves, said to incorporate a basieim- 
provement in design, are intended for 
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SW/TCHING MANY THERMOCOUPLE 
OR RESISTANCE BULB CIRCUITS ? 





Temperature measuring applications are like tracks 
in a freight yard—they often need plenty of quick 
switching. Achieving both measuring accuracy and 
speed — especially with frequent switching — re- 
quires a system well suited to the individual circuit. 
Among Thermo Electric's four methods is one best 
suited to your needs. 


QUICK-COUPLING > 
CONNECTOR PANELS 


Provide great flexibility for 

transferring numerous ther- 

mocouples— ideal for patch 

panel use. Many compact 

shapes and sizes. Panel for 

48 thermocouples and 16 

pyrometers measures only 

13% x 7%". Polarized 

plugs and jacks of standard thermocouple mani 
have long-wiping surfaces and spring loaded contacts 
for good electrical connections. 


q ROTARY SELECTOR SWITCH 

For quick checking or switching of 
thermocouples or resistance bulbs. 
“Shorting-type” switches designed 
for flush panel or wall mounting. 
Contacts and wipers of same silver 
alloy. Three models have OFF to 6, 
12 and 24 points. 
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KEY SWITCHES > 
Provide a choice of connecting many 
sensing elements to one instrument or 
transferring sensing elements from 
one type of instrument to another. 
Locking or non-locking construction. 


PUSH-BUTTON SWITCHES 
For on-off checking of temperatures 


from many points or averaging any 
number of temperatures on one indicator. 


VVOVULY 


2 Oo 
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12-72 points for push buttons, 
12-144 for keys. 

Connector Panels No. 23-F 
Write for Bulletins | Rotary Switches No. 24-100-F 

Key and Push-Button Switches No. 24-1-F 


Thermo El. ectrie G.I 


SADDLE BROOK, NEW JERSEY 
In Canada — THERMO ELECTRIC (Canada) Ltd., Brampton, Ontario 


Single Case Construction 





For more information circle 95 on inquiry card. 
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Specialists in the Unusual 


Electroplated 
WIRE 


for many different 
applications 


+ oh Tungsten wire as ic amet ¢ as .00015” has res ° . 
plated with Gold . . . New applications for electroplated wires on 


different base materials are being developed from time to time... : : 


Your inquiry is invited. Consult our stat; hina . 
obligation, chout your specific wire problems. 


SIGMUND COHN wee. co., inc. 


121 SOUTH COLUMBUS AVENUE, MOUNT VERNON, N.Y. 


Designed by 
The Master Designer 
Genesis 1:31 * 


DAHL “DEMI® rocere actuate vALvE 


*Giving credit where credit is due, we offer the “Ball and Socket” principle 
in our toggle actuated two-way and three-way “‘DEMI” valves. 
The two-way “DEMI” valves are PACKLESS. The three-way “DEMI” Valves 
are available in the packless design with all three ports piped or with one port 
vented to the atmosphere. Bodies are stocked in brass, anodized aluminum, 
steel and stainless steel. The internal parts can be supplied in materials for 
corrosive or non-corrosive service for pressures to 200 psi. The toggle itself is 
case hardened steel and cadmium plated and defies rough treatment. 


Write for Complete Catalog and Name of our Representative in your area. 


GEORGE W. DAHL CO. INC. 


BRISTOL ° RHODE ISEAND 


For more information circle 97 on inquiry card. 
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7395 


use in equipment or applications that 
require either manual or automatic 
valving of air, water, oil or freon. 
Basic valve body can be used N-O or 
N-C. To this body can be added a vari- 
ety of simple devices for triggering 
valve action. Opening, closing and 
holding action are effected by pressure 
of controlled medium. Because valving 
action works with pressure instead of 
against it, it is claimed that all per- 
formance characteristics are en- 
hanced. (Mfd by General Gas Light 
Co.)—Humphrey Products, 202 N. 
Park St., Kalamazoo, Mich. 


For more information circle 342 on inquiry card. 


FOUR-WAY VALVES 


New “Model 40” four-way valve is 
added to maker’s line of solenoid-oper- 
ated pneumatic and hydraulic valves. 


Sm es C4 


As with maker’s shut-off and three- 
way versions, new four-way valves 
are available for shipment within 24 
hours. Tube sizes from 4” to 4%” are 
available—Mar Vista Engineering 
Co., 5420 W. 104th St., Los Angeles 
45, Calif. 


For more information circle 343 on inquiry card. 


PRESSURE-REDUCING VALVE 


New “Class GPK” air-loaded dia- 
phragm-operated pressure-reducing 
valve for steam heat and process 
steam applications has only two mov- 





} 


4 


that 
natic 
reon. 
O or 
Vari- 
ring’ 
and 
sure 
ving 
d of 
per- 
en- 
ight 
N. 


ing parts: a unique metal diaphragm 
with full valve travel and a hardened 
stainless steel main valve that seats 
on a renewable Stellited seat ring. 
A simple air loader replaces conven- 
tional loading spring and produces a 
constant loading force on diaphragm: 
design assures the same control point 
over full valve travel. Available in CI 
in sizes %” to 2”, with screwed end 
connections. Inlet pressure range 0- 
250 psi, 450°F.—Leslie Co., Lynd- 
hurst, N. J. 


For more information circle 344 on ingiury card. 


SOLENOID-&-PILOT VALVES 


New “Speed King” solenoid pilot- 
yperated control valves meet or ex- 
‘eed JIC Pneu. Std. pars. A2.5.8 and 


A6.4. JIC features include sealed 
solenoid enclosure, safety solenoid 
cover which renders valve inoperative 
when cover is removed, and integral 
junction box large enough to accom- 
modate 6” taped pigtail leads. Man- 
ual override permits operation of 
valve with electrical power off. Serv- 
ice life exceeds 25 million cycles un- 
der normal operating conditions.— 
Valvair Corp., 454 Morgan Ave., 
Akron 11, Ohio. 


For more information circle 345 on inquiry card. 


PLUNGER SEATING VALVE 


New “Plug Valve” handles abrasive 
slurries and solids in suspension— 
cement, sand, coal, food products, 


plant waste, and chemical sludges— . 


as well as oil, gases, and chemicals. 
Construction is somewhat similar to 
simple plug valve, except that seating 
force on plug is applied manually. 
Turning torque is low since plug is 
turned only after being raised from 
its seat. Plug is coated with tough 





THE A. W. HAYDON CO. SPECIAL TIME DELAY RELAY 
never gives in to severe vibration, shock or sustained acceleration. 
Positive detent arrangement maintains time setting under all 
conditions. Large adjusting knob facilitates changing of time 
setting. Stepless clutch drive minimizes clutch error,” 
SPECIFICATIONS 
16 Voltage Range: 24-29 Volts DC at 68°F. 
2. Accuracy over Calibrated Range of adjustment: *« 


(a) +0.1 second or +1% of setting, ander condition 1. 


(b) +£0.15 second or +2% of setting; over wide 
temperature range. 


3. Meet Military Specs. for temperature, altitude, sand and d 
fungus, salt spray, radio filtering. 

4. Vibration: 5-55CPS with total excursion 0.060". 

Current ratings at 29 Volts and room temperature: 


2. Clutch— 3. Contacts: - i 
200 Milliamps 1.0 Amp Inductive 





1, Motor— 
25 Milliamps 


me Mdelay period can be adjusted in 2/10 seco — 
f 0.2—30 seconds, 


PREFERRED WHERE! 


For more ‘ilaeaies circle 98 on inauiry card. 





| for PRECISE Flow Measurement 
in TOUGH APPLICATIONS... 


TURBINE FLOW METERS 


offer these exclusive features to satisfy 
your exacting flow measurement requirements 


© Measure trickles (.065 GPM) or torrents 

(6000 GPM) to 2% of flow rate. 
© Pressure drop is low (2.5 to 4.5 psi) at 
full rated flow'in standard models—even 

lower in others. 

© Simple rugged design permits main- 
tenance-free operation under extremes 
of temperature, vibration and pressure. 
Light-weight turbine rotor instantly 
‘acts to changes in flow rate, permitting 

- accurate transient measurements. 
ide variety of flow rate indicators and 





Be sure to visit our 
Booth No. 1719—11th Annual 
Instrument-Automation Exhibit 

Coliseum, New York 
September 17-21, 1956 











= ” ee 
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4 rm ritidisleme> 4 en or synthetic rubber for positive leak- 
practical and % d _ n Set fa proof seal. Oil or grease is unneces 
s Y visigh og P | sary for sealing or to reduce friction; 

accurate impurities in other gases hence no contamination of products 
passing through valve, and no routine . 

servicing required.—Republic Mfg 

Co., 15655 Brookpark Road, Clevelan’ 

11, Ohio. 


the durably DE rep. € 6) For more information circle 346 on inquiry card 
constructed INDICATOR | CONTROL VALVES 


New diaphragm-actuated “Typ: 
P | CV-D” and piston-actuated “Typ: 
The Deoxo INDICATOR permits a creel : | CV-P” control valves are designed t 
continuous and accurate reading - es OF ree 
of minute quantities of oxygen 
or hydrogen. 
This equipment offers optimum 
efficiency within the range of 
.001% to 1.000% for oxygen and 
.002% to 2.000% for hydrogen. 
A self-contained calibrating 
unit is inglyded as an integral part 
of this unit. If desired, the DEoxo 
INDICATOR can be connected to 
controllers and recorders. 
Write for additional data, techni- 


cal assistance. ? . : 
BA KER PRECIOUS / 113 ASTOR STREET | ' 6941 


OMPAWNY, INC, 
at : METALS / NEWARK 5, NEW JERSEY handle all fluids at unlimited pres 
sures. “CV-D” can be direct or re 
verse in action. “CV-P” is simple in 
design and easy to maintain, has ex 
NEW YORK - SAN FRANCISCO - LOS ANGELES + CHICAGO treme rangeability and its piston ac 
For more informaiton circle 100 on inquiry card. tuation force can deal with static and 
= SERRE = = dynamic unbalances and with stuff 
Now, for the first time, the sustained accuracy — — a a 
of all-metal case construction is available in Fae pe ear nagemiaitcinitcard 
10-turn and 3-turn potentiometers. These 

multi-turn units are capable of withstanding | PILOT VALVES 
the severe environmental conditions required Five new pilot 
by military specifications and provide the user _— valves, added to 
with high accuracy, reliability and long life. ™ maker’s line, in 
clude hand, foot 
palm-button, cam 
TYPE 930 and _ solenoid-ac 
tuated types in a 
ALL-METAL CASE CONSTRUCTION IN ss eye ane 
= ings. New hand 
valve, availabl 


10-TURN AND 3-TURN POTENTIOMETERS — — | in either locking 


or non-locking 














(2NCELHARD INDUSTRIES ) 








The Types 930 and 933 are 1.812 in. diameter. In the = ey type, can be use 
Type 930 a linearity tolerance of +0.05% is standard TYPE 933 } : singly or in serie: 
with linearity to 0.025% for resistance of 2K ohms and ee for working pres 
greater. In the Type 933 the standard linearity tolerance is ¥ oe sures up to 15 
+0.10%, with +0.05% available in resistances of 10K psi. New foo 


valve has gener 


ohms and above. Mechanical and electrical rotations are 
ous treadle area 


3600° for Type 930, with standard tolerance of —0°, +4°- 
or in special cases, —0°, +1°. For Type 933, rotations are New palm-butto: 
1080°, with standard tolerance of —0°, +4° and special valve, especiall; 
tolerance of —0°, +1°. Furnished with all standard mount- suitable for panel mounting, return: 
ings. Flexibility of design makes it possible to supply many to normal position when button is re 

leased. New solenoid valve with in 
. stantaneous action is easily and quick 

ly removed without tools. New can 


types of special mechanical and electrical features. 





SAMPLES AVAILABLE ON ORDER 


Fairchild's complete line can help solve | valve features a built-in overtrave 
all your precision potentiometer prob- IRGHILD | which prevents damage when a serie 
lems. For more information write Fairchild of cams operates valve.—Mechanica 
Controls Corporation, Components ‘Divi- PRECISION POTENTIOMETERS Air Controls, Inc., 10030 Capital, Oa/ 
sion, 225 Park Avenue, Hicksville, L. I., and COMPONENTS Park, Detroit 37, Mich. 

N. Y. Dept. 140-65B3. For more information circle 348 on inquiry card 
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DIRECTIONAL VALVES 


S$ 

: Newline of solenoid-operated and 
leak solenoid-controlled pilot-operated di- have you 
1eces rectional valves for industrial oil-hy- Edge Lighting Problems? 
stion ; 
“rl The unparalleled desigh flexibility of the 
Mfg Lackon® photo-marking process may offer you 
elan the best solution. With a minimum of gimmicks 


raulic systems features ample room 
i: valve body for making electrical 
mnections, thereby obviating need 
jor a separate conduit box. New 
valves are improved models of mak- 
’s “DG Series,” are available for 
gasket or sub-plate mounting, require 

minimum of piping. Another new 
ature is an override plunger which 
ermits manual operation of valve 
iring setup operations, circuit checks 
cr solenoid or current failure. And 
: ew chain prevents loss of covers dur- 
iag solenoid maintenance or adjust- 
mnent.—Vickers Inc., 1400 Oakman 
ilud., Detroit 32, Mich. 


r more information circle 349 on inquiry card. 


MISCELLANEOUS 
TC GLAND SEALANT 


at, New ‘‘Lava 
Ab Sealant’’ for 
i eee +) maker’s thermo- 
couple glands is 

i tural fired 
“guemcee Datura ire 

mom KEY magnesium sili- 





and gadgetry, Lackon® gives you a panel of 
unequalled marking accuracy, optimum legi- 
bility and lighting uniformity, with excellent 
resistance to severe environmental conditions. 
Designed, tested and quality controlled in our 
government approved laboratory, Lackon® edge 
lighted panels, knobs and knob skirts meet 
and exceed lighting, legibility and durability 
requirements of specification MIL-P-7788. 


@ CHANNEL 


The Lackan® engineering staff of the United 
States Radium Corporation will readily assist 
your panel engineering department during the 
initial design stage. The cooperative applica- 
tion of their skill and experience in lighting 
techniques to your panel design will speedily 
resolve design difficulties, result in decided 
production economies, and yield a remarkably 
superior finished product. For information 
write Dept. 1A-7 


United States Radium 
Corporation 


535 Pearl St., New York 7, N. Y. 
Regional offices at: 4624 W. Washington 
Blvd., Chicago 44, IIl.; 5420 Vineland 
Ave., North Hollywood, Calif.; 36 Avenue 
Krieg, Geneva, Switzerland; Radelin-Kirk, 
Ltd., 1168 Bay St., Toronto 5, Ont., Canada 


For more information circle 102 on inquiry card. 


HYDRAULIC 


nome IGULA TOR Neo 3 + 
ww SEALANT SPACE 
BODY 
“INSULATOR No. 7 


~~ INSULATOR Ne, } 


cate; is fur- 
nished in a pre- 
formed plug ma- 
chined to fit into 
sealant cavity of 
maker’s glands 


RESEARCH 
ENGINEERS 


NEEDS 


To Develop TEST FACILITIES for Jet Engine Fuel 
Control Systems and Components. 


L of 1, 2; 4. 6, oF 8 
" . eemecos Wire capacity. 
csaetai we Sealant is com- 
pressed between two porcelain insu- 


Working with: Test Stands 


High Energy — . 

lators under a pressure of 50,000 to a. of ==—l|- pai ii Tidal areas ones 
100,000 psi; is forced against wires, Temperatures pe Test Cells 
insuring positive seal in pressures and 

from full vacuum to 20,000 psi in High Pressures 
operating conditions of —300°F to 
1850°F.—Conax Corp.,_7811 Sheridan 
Drive, Buffalo 21, N.Y. 


r more information circle 350 on inquiry card. 


Remote 
Instrumentation 


Servo Operated Afterburner Fuel Controls, Inlet Temperature and Turbine 
Speed Sensing Electro-Hydraulic Servo Controls. 


METAL DETECTOR 


New “Universal Model” of maker’s 
electronic metal detector, for protec- 
tion of production equipment and 
| roduct in rock crushing, mining, and 
‘ament operations, can be pre-set to 
cetect unwanted metal ranging in 
ize from chips to chunks. Among new 
eatures: (1) “Universal Model” is 
he first of its type with automatic 
irift control that holds detection sens-. 
tivity at a constant level regardless 


Applicant sliould have B.S. Degree Plus 4-6 Years Experience Relative 
to Hydraulie Engineering, Valve Design, Hydraulic Servos, Instru- 
mentation and Testing of Fluid Control Devices, or Other Associated 
Fields.— Write to Mr. J. Heffinger, Supervisor of Salaried Personnel 


AC THE ELECTRONICS DIVISION 


GENERAL MOTORS CORPORATION 


MILWAUKEE 2, WISCONSIN also FLINT 2, MICHIGAN 
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of temperature fluctuations. (2) Long 
tube life. In accelerated life tests, no 
tube change for periods comparable 
to more than two years, whereas com- 
parable detectors require tube change 
every few weeks. (3) Heavy-duty bi- 
sectional aperture frame, constructed 
of marine mahogany, available in 
standard sizes up to 32” high and 72” 
wide; larger sizes to order.—Radio 
Corp. of America, 30 Rockefeller 
Plaza, New York 20, N. Y. 


For more information circle 351 on inquiry card. 


WATER PURITY CONTROLLER 


New “Puromatic Controller” utilizes 
conductivity principle to control puri- 
ty of distilled water automatically. 





Operator sets desired standard of 
purity on controller and only water of 
that purity or higher is permitted to 
enter storage tank; water below pre- 
set purity is diverted to waste. Setting 
is adjustable on 0-15 ppm scale.— 
Barnstead Still & Sterilizer Co., 244 
Lanesville Terrace, Forest Hills, Bos- 
ton 31, Mass. 


For more information circle 352 on inquiry card. 


AUTOMATIC-EXPOSURE-TIME 
FIGHTER-PLANE CAMERA 


New “KB-5” target-analysis or 
“oun” camera emulates human eye 
iris in that it automatically compen- 


sates for changes in light conditions. 
Installed on supersonic jet fighter 
planes, it can be used to record details 
of aerial combat while nose of plane, 
in a “dog fight’, may be pointed at 
sunlight sky and seconds later at a 
dark-shaded area of the earth.—Fair- 
child Camera & Instrument Corp., 
Robbins Lane, Syosset, L. I., N. Y. 


For more information circle 353 on inquiry card. 


AIR VOLUME BOOSTER 


New ‘‘Series 
2000’’ volume 
booster for pneu- 
matic loading and 
gaging applica- 
tions features : 
rapid filling and 
exhausting, and 
maximum flow 71238 
even at low pressure differentials— 
made possible by 3%” dia supply and 
exhaust seats; will fill a 24” valve 
motor to 15 psi in less than 1 second 
with a 100-psi supply, and will ex- 
haust to 3 psi in 3 seconds.—Govern- 
aire Div., Bellofram Corp., Burling- 
ton, Mass. 
For more information circle 354 on inquiry card. 


VOLTAGE REGULATORS 


Three new types of ac voltage regu- 
lators for 30 kw engine-driven alter- 
nators are minimum-size units built 


a 


7203 


to military standards, encapsulated 
to MIL-T-27 specs; combine mag- 
netic and _ transistor components. 
Standard models are designed to regu- 
late line-to-neutral voltage of a 3- 
phase 4-wire 208-v generating unit. 
—Arga Div., Beckman Instruments, 
Inc., 220 Pasadena Ave., So. Pasa- 
dena, Calif. 


For more information circle 355 on inquiry card. 


TRAILER SCALE 


New type of trailer scale will make 
it easier for highway truckers to meet 
highway limitations on axle and gross 


weight, as well as to keep every load 
close to 100% pay-load. It is intended 
primarily for use at loading docks of 
terminals operated by common car- 
riers. It is an electrical scale with no 
moving parts under weighing plat- 
forms. Weight is measured by means 
of eight “SR-4” load cells, two of 
which support each of four platforms. 
—Baldwin-Lima-Hamilton Corp., 
Cambridge, Mass. 


For more information circle 356 on inquiry card. 
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STRANDED HOOK-UP WIRE 


New “Temprex” extruded-Teflon- 
coated hook-up wire for high tempera- 
ture service (to 250°C or 482°F) 


impervious to all known commercia 
solvents. Insulation remains unaffect 
ed by weathering, aging, fungus o: 
moisture. Fourteen standard colors 
innumerable combinations of 1 or : 
color stripes; sizes 26 to 10 AWG.— 
Hitemp Wires, Inc., Windsor Avenue 
Mineola, New York. 


For more information circle 357 on inquiry card 


GRAPHIC-CIRCUIT-LAYOUT 
TAPES AND SHAPES 


New features have been added t 
maker’s line of self-sticking narrow 
tapes and terminal shapes. They in- 





clude precision slit connector strips in 
rolls with 0.005” tolerance; using pre- 
cut shapes for “splash etching” of 
prototypes; availability of stock 
shapes in 1/10” increments—W. H. 
Brady Co., 727 W. Glendale Ave., 
Milwaukee 9, Wis. 


For more information circle 358 on inquiry card. 


UTILITY CABINET 


New “E Z Find Full Vue” cabinet 
keeps track of hundreds of little parts 
needed in shop, lab, ete. Ninety-six 





flon- 
era- 


") is 


DTA PAY 


has exactly — 
the resistor you need 


hmite offers the most complete line of wire-wound re- 
siciors on the market . . . fixed, adjustable, tapped, non-in- 
ductive, and precision resistors in many sizes, types of 
terminals ... in a wide range of wattages and resistances. 





Industry’s most complete line of wire-wound resistors! 


The extensive range of Ohmite types and 
sizes makes possible an almost endless variety 
of Ohmite resistors to meet each individual need. 
Ohmite offers resistors in more than 60 sizes— 
ranging from 214” diameter by 20” long to 4” 


Write on company letterhead for 
Catalog and Engineering Manual No. 40. 


diameter by 7%” long—to meet your exact re- 
quirements. MANY SIZES ARE CARRIED IN 
STOCK. These rugged resistors have proved 
their quality under the toughest operating con- 
ditions. Ohmite application engineers will be 
pleased to help you in selecting the right re- 
sistors for your job. 


OHMITE MANUFACTURING COMPANY, 3615 Howard Street, Skokie, Illinois (Suburb of Chicago) 





Micrometer 
Ide 
Comparator 


Reliable, low cost 
instrument for 
linear 
measurement. 

> Ranges up to 4”, 
reading to 0.0001” 
or 0. ie 


Gaertner measuring microscopes 


Easy, sure measurement 
to 0.0001” cuts rejects 
and speeds production 


Precise, versatile, easy-to-use 
Gaertner measuring microscopes 
assure positive, direct measurement 
of precision parts. You see clear, 
sharply-defined images. No physical 
contact to distort or injure object 
being measured. Enjoy new produc- 
tion savings with Gaertner optical 
instrumentation. Write for complete 
data on the Gaertner line of industrial 
microscopes. 


Toolmakers’ 
Microscope 


Ultimate in measuring 
microscopes. Range 
2” x 4”, reading to 
0.0001”, angular 
measurement to 

1 minute. 


Coordinate 

Measuring Microscope 
High precision, 

low cost instrument 

for 2-dimensional 

linear measurement. 
Range 2” x 2”, 

reading to 0.0001”. 


Filar Micrometer 
Microscope 


High quality, low cost 
instrument for extremely 
precise measurements. 
Range 0.08”, reading 

to 0.00002”. 


Write for Bulletin 161-54 showing 
applications, models, specifications. 
The Gaertner 
Scientific Corporation 


1211 Wrightwood Ave., Chicago 14, Ill. 
Telephone: BUckingham 1-5335 


For more information circle 105 on inquiry card. 
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different items can be stored in one 
cabinet, neatly indexed, dust-free, 
every item in plain sight. Each of the 
32 drawers can be made into 2 or 3 
lengthwise or crosswise compart- 
ments. Welded steel frame measures 
14” high, 6” deep and 12%” wide.— 
Akro-Mils, Inc., 820 E. Market St., 
Akron 9, Ohio. 


For more information circle 359 on inquiry card. 


RAILWAY SIGNAL CIRCUIT 


New “Audio Frequency Overlay 
(AFO)” circuit, for non-vital rail- 
way signaling applications, can be 
superposed on existing wayside sig- 
naling track circuits without mutual 
interference. Advantage is that no 
insulated joints are required for iso- 
lating this auxiliary circuit; and basic 
wayside signaling track circuit re- 
mains intact. Adjoining or even over- 
lapping circuits can be provideo with- 
out interference. Principle: output 
of an a-f transmitter is applied direct- 
ly to rails or line wires. A receiver, 
tuned to selected frequency, receives 
transmitted signal and «verates relays 
or other circuitry —Unen Switch & 
Signal Div. Westinghouse Air Brake 
Co., Pittsburgh 18, Pa. 


For more information circle 360 on inquiry card. 


LAYOUT GRID PAPER 


New layout paper with reproducible 
0.1” grid is designed especially for 
easier drafting of printed-circuitry 
drawings; is of 12” x 24” sheet size; 
is available in lots of 100, 200 and 500 
sheets.—P hotocircuits Corp., Engi- 
neering Dep’t, Glen Cove, N. Y. 


For more information circle 361 on inquiry card. 


MOTOR CONTROL SYSTEM 


New “L C Servo-amp” automatical- 
ly corrects for changes in motor load; 
is a closed-loop servo system which 


maintains (for example) a constant 
pressure between a tool and a work- 
piece. It is available as a “package” 
(open or enclosed) or with remotely- 
located instrument and/or auxiliary 
control. Electronic portion can be sup- 
plied as part of an automatic sequenc- 
ing control system.—Control Engi- 
neering Co., 8900 Alpine Ave., Detroit 
4, Mich. 


For more information circle 362 on inquiry card. 


TEST PLUG KIT 


New “No. 142-F” set of 3 test 
plugs, for use in temporarily shutting 
off %”, %” and %” O.D. tubing 





Cake 


- 


jgenzess= 





(%”, %” and %” nominal sizes), is 
packaged in plastic box with hinged 
lid. In use, tightening wing nut ex- 
pands synthetic rubber portion and 
seals tube. Plugs will hold 100 psi.— 
Imperial Brass Mfg. Co., 1200 W. 
Harrison St., Chicago 7, Ill. 


For more information circle 363 on inquiry card. 


VIBRATION-TYPE MECHANICAL 
MALFUNCTION DETECTOR 


New model of “Vibraswitch” in oil- 
tight JIC enclosure monitors vibra- 
tion and actuates an alarm or causes 


ia 


7328 


shutdown when trouble occurs in ro- 
tating or reciprocating equipment. It 
detects malfunctions such as bearing 
roughness, unbalance, broken blades, 
bent shafts, ete. Mechanism is fail- 
safe, does not depend on external 
power source, requires no mainte- 
nance. Wide range of adjustment.— 
The Beta Corp., Forest Avenue at 
Ridge Road, Richmond 26, Va. 
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DUAL SERVO BALANCER 


New electronic unit, said to accom- 
plish “essentially the same functions 
previously carried out by more cum- 
bersome and expensive electromechan- 
ical units,” provides transducer exci- 
tation and can handle multi-channel 
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‘a Bones x Compete in 


Bendix General Purpose Computers are saving users untold ~ 9\mm 
years of engineering time. This time-saved factor, as in the cam 
designs described here, is the common denominator which makes 


the Bendix Computer so effective in every line of work where TREY i" 

complex mathematical problems must be solved. oi Ad a 
PROBLEM: To design 14 cams for control mechanisms. The radii (approximately 1400) of each cam 
Beto were to be computed at even 14° points with the radii accurate to the nearest ten thousandths of 
nt. It an inch. 
it CONCLUSION: (Directly quoted from the Bendix user) “Figuring conservatively, several hundreds of 

fail. thousands of equations were solved in the 40 hours needed to run the cams on the Bendix G-15 Computer. 

Rona It has been estimated that it would take an engineer about three years to do the same work and pos- 
wire sibly a fourth year to find his mistakes. Computing with the G-15 not only cut the cost of the task; but, 
ainte- often more important, freed engineers for other work and enabled us to get the 


ont.— units on the market ahead of competitors.” 


oe The Bendix G-15 is a high speed, large capacity digital computer. Because of 
: 3 . its low cost, users have found that the Bendix Computer can be written off in 3 
So : years or less with the savings it can effect. 


“Bendix Computer 


Bendix Computer Division, Bendix Aviation Corp. 
5630 Arbor Vitae Street, Los Angeles 45, Calif. 


Tell us how we can economically use the Bendix Computer in our engineering, research 
and control functions. 


Title 





Address 
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T-54 


TEMPERATURE 
MEASUREMENT 
and CONTROL 


THERMOMETER 
ELEMENTS 


Eliminate Effect of 
Ambient 
Air Temperatures 


ACTUAL SIZE 


Highly-stable RdF Stikons re- 
spond to changing temperatures 
quickly and accurately (to one- 
half a degree centigrade). Be- 
cause of the element’s thin con- 
struction (.005 to .010 inches), 
and the extremely close prox- 
imity of its temperature-sensitive 
grid to the measured surface, 
the effect of ambient air tem- 
perature is practically nil. When 
used in a bridge, an RdF Stikon 
may easily produce output volt- 
ages several hundred times high- 
er than the output of the most 
sensitive thermocouples. 


SUMMARY OF 
CHARACTERISTICS 


Resistance at Temperature 
Type 70°F (ohms) Range F* 


BN-1 : —100° to +300° 
BN-3 ; —100° to +300° 
BN-4 ; —100° to +300° 
PN-1 ; —100° to +180° 
PN-2 ; —100° to +180° 
SN-1 i —100° to +500° 


*For continuous operation — may 
be used intermittently at higher 
temperatures. See RdF Stikon Bro- 
chure T-54. 


Type Wafer Material 


BN-1 Bakelite 
BN-3 Bakelite 
BN-4 Bakelite 
PN-1 Paper 
PN-2 Paper 
SN-1 Silicon-Glass %x 1% x .010 
Types BN-1, BN-3 and PN-1 are 
marked to 0.2 ohms, while types 
BN4, PN-2 and SN-l are marked 
to 0.5 ohms. 


Size (inches) 
yx 1% x .005 


Arthur C. Ruge 

Associates, Inc. 
733 CONCORD AVE 
CAMBRIDGE 38, MASS 
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NEW INSTRUMENTS 











inputs in either ac or de form. Its 
outputs consist of sum of integral of 
input plus a signal proportional to 
amplitude of input. Outputs have a 0° 
and a 180° phase relationship to in- 
put. Proportional channel has adjust- 
able scale factor and integral channel 
has adjustable time constant.—Trans- 
vaal Engineering Corp., 10401 Jeffer- 
son Blvd., Culver City, Calif. 
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ELECTROLYTIC HYGROMETER 


New electrolytic hygrometer capa- 
ble of measuring one part of water 
in a million parts of air is based on 


a du Pont design. It continuously 
measures water content of extremely 
low ranges in gas samples—an im- 
portant factor in many applications 
for controlling corrosion, product 
purity and process efficiency.—Proc- 
ess Instruments Dept., Beckman In- 
struments, Inc., Fullerton, Calif. 
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AIR SAMPLER 


New “Fixt-Flo Air Sampler” en- 
ables precise measurement of airborne 
contaminants taken from large sam- 


ples of air: is used to collect these 
contaminants to be weighed and ana- 
lyzed in connection with industrial hy- 
giene or air pollution problems. Fea- 
ture is an automatic flow control 
which compensates for changes of fil- 
ter resistance caused by collected ma- 
terial—Mine Safety Appliances Co., 
201 N. Braddock Ave., Pittsburgh 8, 
Pa. 
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TORQUEMETER 


New ‘‘Torquemeter’’ measures 
torque in rotating systems at high 
speeds; is a complete measuring sys- 


tem comprising both electrical means 
for measuring a torsional strain, and 
a mechanical assembly for providing 
that strain. Torque shaft assembly 
(‘‘Torquometer’’) complete with 
bearings and housing is inserted be- 
tween driving source and load. A var- 
iable-inductance pickup measures 
twist angle of torque shaft which is 
proportional to torque. Output (100 
mv full-scale) can be read on stand- 
ard carrier amplifier equipment, 
chart recorders, or on maker’s 
“Torquemeter Indicating System.” 
Standard ranges from 100 lb-in full- 
seale to 5000 lb-in full-scale; others 
available—B & F Instruments, Inc., 
4732 N. Broad St., Philadelpia 41, Pa. 
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COATED STEEL WIRE 


New “Fernicklon” nickel-plated 
steel wire with up to 10% nickel coat 
can be used wherever combinations of 
strength, corrosion resistance and 
lustrous finish are desirable. »*% 
Brass-coated wire, available in sizes 
from 0.072” to 0.310”, is recommended 
only for decorative effects.—Nation- 
al-Standard Co., Niles, Mich. 
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CORRECTIONS 


Weinschel Engineering. “Model 
210” Coaxial Attenuator (June issue, 
page 1160).—“Absolute accuracy at 
400 Mc .. .” should read “Absolute 
accuracy at 4000 Mc at room temper- 
ature 0.1 db of nominal value.” 

. ££ + 


Brush Electronics Co. Deviation 


Test Bridge for resistance, capaci- 
tance and inductance (April issue, 





as 
page 756).—Photo showed instrument 
only; manufacturer now sends us 
photo “that should be used in any 
future publicity regarding Model BL- 
1506 Deviation Test Bridge,” 





2 man-years 
of data-reduction 
time 


Saved in 
12 months: 


In designing the Air Force’s giant C-130 “Hercules” Transport, Lock- 
heed Aircraft’s Georgia Division tested model after model . . . . meas- 
ured stresses at up to 500 points per wing as loadings were gradually 
increased in the test jig. Just a few short years ago, the resulting 
mountain of raw data would have been a serious stumbling block to 
the development program. But with the aid of a specially designed 
Consolidated Automatic Data-Processing System, Lockheed engi- 
neers were able to slash data-reduction time to the bone. In just one 
year’s operation, it saved two man-years of data-reduction time! 

It’s a story repeated over and over, wherever data is accumulated 
in large amounts and processing and reduction time must be reduced. 
Whether the activity is engineering and development testing, as in the 
Lockheed example, or in process monitoring and control . . . chemical 
analysis ... . or general data processing . . . . let CEC’s experienced 
Systems Division look at your problem. The results will pay off for 
you immediately . . . . and for years to come. 


N42 


a 


7 A 








Chemical 


Systems Division naiysis 


CORPORATION 
formerly Consolidated Engineering Corporation 


= 


Consolidated Electrodynamics 


300 North Sierra Madre Villa, Pasadena, California » SALES AND SERVICE OFFICES IN: Albuquerque, Atlanta, 
Boston, Buffalo, Chicago, Dallas, Detroit, New York, Pasadena, Philadelphia, San Francisco, Seattle, Washington, D.C. 
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just a few of the 
system’s unusual 
operating features... 


. balances and reads out up to 200 
strain-gage channels at an average rate of 
25 channels per minute. Capacity can be 
increased through additional commutation. 

. . automatically tabulates true, corrected 
values, in pounds, psi, degrees, etc. 

. punches a master control tape so that 
a similar test format can be repeated at 
any time... fully automatically. 

. provides a punched paper tape for 
automatic conversion of all bridge outputs 
to IBM punched cards. 

.. operates with + 0.1% of full-scale ac- 
curacy ...i.e., resolves d-c inputs greater 
than += 1 mv into + 1000 counts within 
+ ] count. 


The Data-Processing System designed and 
built for Lockheed is but one' example of 
the CEC Systems Division’s work. For 
more facts on what CEC Systems Engi- 
neering can do for you, write today for 
Bulletin CEC 1304-X30. 





Electronic 
Instruments 
for 
Measurement 
and Control 





INSTRUMENTS 
and 


AUTOMATION 





Power Generation Instruments 


System operators and load dispatchers use various mod- 
els of the ElectroniK potentiometer for recording and in- 
dicating system variables. Since much of the data which 
they require must be relayed from distant generating sta- 
tions and interconnections, telemetering equipment is used 


to transduce the measured variable to a pulse signal, 
transmit and receive the signal, and to convert the pulses 
to an emf that can actuate the recorder. 

There are four telemetering systems used with the 
ElectroniK recorders: (1) General Electric Co.’s frequen- 
cy type and (2) their torque balance type, (3) Metrotype 
Corporation’s system, and (4) Westinghouse Electric Cor- 
poration’s F'req-O-Tron system. 

The transmitters for G. E.’s frequency type and Metro- 
type systems are similar in that both use wattmeters to 


translate the signal from the measuring element into a‘ 


shaft speed. The shaft speed in turn is translated into 
electrical pulses by a photoelectric cell. In the G. E. trans- 
mitter, a notched disc rotates between the light source and 
the cell, while in the Metrotype unit, the rotating disc has 
black stripes painted on it to set up pulses in the photo- 
electric cell... (From new 36-page Bulletin 9070, “Instru- 
ments for Electric Power Generation,” Minneapolis-Hon- 
eywell Regulator Co., Industrial Div., Phila. 44, Pa.) 
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Industrial Potentiometers 


A potentiometer measures an emf of unknown value by 
comparing it with a known emf. The unknown emf is 
balanced electrically against the known emf. When the two 
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RECORDING MECHANISM 





POTENTIOMETER 


Figure 6. Operating Principle of Dy 









































d-c potentiometer (millivoltmeter) 





emf’s are brought to balance, no current flows in the de- 
tector circuit. In the Dynamaster Potentiometer, balancing 
is automatically done by the motor-driven contact on the 
slidewire. 

A change in the condition affecting the sensing elements 

. . creates an unbalance condition in the bridge circuit of 
which the sensing element forms one leg. This a-c voltage 
unbalance (error-signal) is stepped up by the electronic 
amplifier to a power level sufficient to energize the control 
field of the balancing motor and thereby cause rotation in 
a direction to achieve a rebalance of the bridge—(From 
new 62-page Bulletin P1245-A, “Electronic Instruments,” 
The Bristol Co., Waterbury 20, Conn.) 
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Magnetic Tapes 


“Scotch” Brand Magnetic Recording Tapes are offered 
with three different types of magnetic coatings, each de- 
signed to give outstanding performance in a particular 
range of recording applications. Each has a characteristic 
color—reddish brown for the standard coating, dark green 
for the “High Output” (H.O.), and dark red for the thin 
“Extra Play” coating. The standard coating has found 
wide acceptance for most general recording uses. 

The “High Output” (H.G.) coating offers greater over- 
load protection at long wave lengths while retaining all 
of the desirable features of the standard coating; the 
“High Output” coating permits both greater dynamic 
range and freedom from distortion on signal peaks, and 
finds wide usage in high fidelity audio recording. The 
“Extra Play” offers 50% more recording time, best high- 








MIC ROAMPERES 


Built-in Weston dependability | a 


pays off in many ways 


Two valid reasons have established WESTON in- 
struments as the designer’s choice for all “built-in” 
requirements. To equipment buyers a WESTON 
on the control panel instantly establishes a con- 
viction of rigid specifications and sound engineer- 
ing sense. For equipment manufacturers WES- 
TON dependability continues to work after the 
equipment is sold. Assuring a true check on oper- 
ating conditions, it protects the device itself, and 
the reputation of its builder. 

Weston panel instruments are available in PANEL 
types, sizes and ranges for all electronic or electri- 
cal “built-in” needs. Also in a complete line of INSTRUMENTS 
ruggedized meters for a-c and d-c requirements. by 
For information, or engineering cooperation, con- 
sult your nearest WESTON representative or W E mn T O N 
write direct. Weston Electrical Instrument Corpo- 
ration, 614 Frelinghuysen Avenue, Newark 5, 

N. J. A subsidiary of Daystrom, Incorporated. 
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Thermco Analyzers 


for CHEMICAL PROCESS CONTROL 


THERMCO IS READY to 
Instrument Gas Processes For You! 


THERMCO HAS SUPPLIED IMPROVED 
ANALYZERS FOR THE FOLLOWING: 


L_._ . Air Rectification 

. Nitrogen Purification 
. Argon Purification 

. Chlorine Production 

. Hydrogen Production 
. Ammonia Production 














Control by gas analysis may 
help you. By Thermco's know- 
how, gas analyzers have been 
made more practical by im- 
proved reliability, time lags and 
sensitivities. Thermco analyzers 
have full control over mixing 
——1_ valves in processes operating 
24 hours a day. Complete in- 
strument panels are available. 
Inquiries are welcome. 




















AMY 


























JOHNSON ROAD 


MICHIGAN city, INDIANA ( THERMCO 


LABORATORIES 
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FOR YOUR 
SPECIFIC NEEDS 





e Available in a wide variety of general 
pressure ranges to meet your specifications 
purpose and special purpose gauges in 
in every particular. 


WRITE TODAY FOR COMPLETE INFORMATION. 


PRESSURE, VACUUM, COMPOUND, ALTITUDE, COMBINATION, 
DIAPHRAGM, HYDRAULIC, AND SPECIAL PURPOSE GAUGES, 
DIAL THERMOMETERS, (VAPOR TENSION OR BI-METAL) 


MARSHALLTOWN MFG. CO. 


900 EAST NEVADA ST. * MARSHALLTOWN 3, IOWA 
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frequency output and pulse resolution. (From new 12-page 
Catalog “Physical and Magnetic Properties of Scotch 
Magnetic Tape,” Minnesota Mining and Manufacturing 
Co., Saint Paul 6, Minn.) 
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Pneumatic-H ydraulic Pilot 
Positioner 


The Hagan Pneumatic Hydraulic Positioner is a com- 
ponent used for converting “open or shut” type hydrau- 
lic power units into positioning power operators. 

This PowrAmp positioner accepts a pneumatic input 
signal and operates a hydraulic multi-ported, high pres- 
sure spool valve furnishing hydraulic fluid to the power 
unit. Mechanical motion feedback from the power unit to 
the positioner insures a definite power unit piston (or 
vane) position for every pneumatic input signal value. 

Accepting 0-30 psig pneumatic input signals, the posi- 
tioner operates with hydraulic fluid supply pressures 


c 
— J — 

a [a L ae 
J tl PRESSURE OIL 


FEEDBACK FROM 
TO POWER OPERATOR 

















POWER POSITIONEF 





PNEUMATIC HYDRAULIC POSITIONER 


INPUT AIR 
SIGNAL 











Serving 


Instrument Manufacturers 
with AUTOMATIC 


SCREW MACHINE PARTS 
ALL SECONDARY OPERATIONS 
Drilling-Tapping-Milling-Cylindrical and Centerless Grinding 
Heat Treating and Plating 


se 
ABUL 


i 


s\ 


CUTTING DIES OF ALL KINDS 
Machine Shop Work — Jigs and Fixtures 


PROGRESSIVE SERVICE CO. 


Main Office & Factory Branch Office & Factory 
2743 Locust St. 80 S. Cameron St. 
St. Louis, Mo. - Harrisburg, Pa. 

Tel. Jefferson 1-4300 Tel. Cedar 6-9329 











38 Years Experience 
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up to 2,000 psig with flow capacities of 18, 54, and 80 
gpm available. 

Applicable to rotary power units or inline cylinders, 
the positioner feedback rotation is limited to a maximum 
of 80 degrees. (Applications have been made to 90 degree 
valves.) This component insures a positioning accuracy 
of better than 4% full stroke. Present models are sup- 
plied with linear cam only. 

Included with the unit is a potentiometer used for elec- 
trically transmitting a signal showing the piston or vane 
position remotely. (From new 20-page Bulletin MSP— 
133, “Control for Aerodynamic Research and Testing 
Facilities, Hagan Corp., Pittsburgh 30, Pa.) 
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Hy psometer 


r—A__Wvinvuite In principle, the hypsometer is an 
i cat instrument which utilizes the vapor 
IO MM GLASS pressure vs. temperature character- 
CONTAINER AP : ° e 
istics of a liquid in the measurement 
sTAcKeT of ambient pressure. The measure- 
ment is made by means of a temper- 
ature sensitive element consisting of 
one or more thermistors which senses 
the equilibrium temperature of the 
liquid-vapor phase of the fluid used. 
Hence, the hypsometer acts as a trans- 
ducer which converts a pressure meas- 
irement to an electrical resistance output. 
1. Range: 1600—4 millibars (760—3 mm of hg) 
2. Rate of Ascent: 1000—1500 fpm. 
3. Lapse Rate of Ambient Temperature: 
2°C per minute to —80°C; constant at 
—80°C thereafter 
4, Accuracy: Range (Pressure in mbs.) 1060—450; 
450—70; 70-4 Accuracy (% of True 
Value) +0. 38%; +0.5%; 40.7% 
(From new 20-page “Technical Catalog of Veco Prod- 
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HYPSOMETER 








Time delays in 
automation 
circuits 


AGASTAT 


Time / Delay / Relay 





When automatic machinery and circuits must be timed with 
repetitive accuracy (from 0.1 second to ten minutes or more ) 
vou ll find a sure, reliable answer in AGASTAT electrically- 
ictuated pneumatically-timed time delay relays, 


The AGASTAT is ® light, versatile, dependable. 
® unaffected by voltage variations. 
® instantaneous recycling. 
® available in models which offer delays on energiz- 
ing and de-energizing, two-step delays, manually- 
actuated time delay switch, remote push button 
control. 


WRITE our applicati s for help with 


your timing problem. Address Dept. A23-79. 
Elastic Stop Nut Corporation 
of 


America 











1027 Newark Avenue, Elizabeth, New Jersey 
Pioneers in pneumatic timing. 
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How to Cut Assembly Time and Gear Costs! 


Assembly lines flow faster with Win- SEND FOR 4-page 
zeler Stamped Gears. Downtime head- Stamped 
aches disappear. Finished assemblies Gear folder containing 
run S-M-O-O-T-H . . quiet. And they valuable Stamped 
last longer, too. Your own assembly Gear data and tables, 
operations will soon reflect the savings Write today! 

made possible by these better, more 

uniform Stamped Gears. WINZELER 

research has cut Gear costs, too. Now, 

for many applications, single stamp- 

ings can be laminated and indexed to 

produce wider faces at savings up to 

60%! Send drawings or descriptions 

today. 


WINZELER MANUFACTURING ‘i 1001 C0 


1712 WEST ARCADE PLACE, CHICAGO 12, ILLINOIS 
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Type HG. This model has 
its sensitive axis parallel 
to the mounting base. 
Type VG has its sensitive 
axis perpendicular to the 
mounting base. 


Use Sensitive, High Output, 
SCHAEVITZ 


LINEAR ACCELEROMETERS 


to measure accelerations in instruments, 
missiles, planes, etc. 


Schaevitz Linear Accelerometers are continuous reading, 
electro-mechanical transducers. Their small size and 
external zero adjust permits convenient application. 
In addition, they enjoy the inherent advantages of a 
shielded Schaevitz Linear Variable Differential 
Transformer 

SPECIFICATIONS 


Natural Frequencies: 30 cps to Size: 2% cubic inches 

620 cps Weight: Approximately 4 oz 
Resolution: Stepless Input: 10 volts at 400 cps to 1OKC 
Linearity: +1% of fullrange output = Quy tput: .750 volts to 2.00 volts 
Ranges: +5G to +700G full scale based on input and range 


Write: P.O. Box 505, Camden 1, New Jersey 
Wire: TWX—Merchaniville, N.J., 386 
or Call: Merchantville 8-5353 





schaewitz 
engimeerimg 
P.O. BOX 505, CAMDEN 1, NEW JERSEY 
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get this 


FREE 


illustrated bulletin 


TYPE 200, sem ANG 1760 
PORTABLE 


Learn how easy it is for anyone to PYROMETERS 


read temperatures up to 3000 F. 
with 


ALNOR PORTABLE PYROMETERS He 


Wherever heat measurement is a problem—in the laboratory, 
shop, or in the field—you'll find the completely self-contained, 
portable Alnor Pyrometer the economical answer. Product of 
skilled, specialized instrument craftsmen, an Alnor will pro- 
vide the consistent accuracy for all jobs—and at a cost of less 
than $100:00. 





Get your copy of Bulletin 4434 now! 
Send this ad on your letterhead to: 
Illinois Testing Laboratories, Inc. 
Room 513, 420 No. La Salle Street, 
Chicago 10, Illinois. 


r ‘ 
PRECISION INSTRUMENTS 
* FOR EVERY INDUSTRY 


| 
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FOR THE BEST—SPECIFY 


PHILADELPHIA ‘- 


THERMAL CONTROLS AND 
THERMOMETERS 


OUR 51st YEAR 
of leadership in our 
field. We make the 
types needed in 
plants and industrial 
processes, 


— Y 


( 








Se cena a Nee a at me Oe ee ee 

















OUR STAFF 


will gladly work | 
with you on your 


y| oe specialized prob- | 
3 ky lems, : 


SEND FOR CATALOG , 


THE PHILADELPHIA THERMOMETER C0. 


4400 N. SIXTH ST., PHILADELPHIA 40, PA. 





For more information circle 117 on inquiry card. 


Page 1410—Jnstruments & Automation—Vol. 29 
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ucts,’ —Thermistors, Varistors, Gas Analysis Cells, Com- 
bustion Analyzers, Biological Instruments, ete.—Sixth 
Edition, Victory Engineering Corp., Springfield Rd., 
Union, N. J.) 
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Metal-Ceramic Tubes 


Generally, micro-miniature ceramic tubes consist of 
small ceramic and metal layers arranged alternately. The 
width of these layers is not indicative of the spacing of 


ANODE 














G-E MICRO-MINIATURE CERAMIC TUBE, TYPE 6BY4 








Fast Response 


conax 


BARE WIRE THERMOCOUPLE GLANDS 


provide the only 
simple _ positive 
method for sealing 
_ two or more bare 
wires at pressures 
GIAND FOLLOWER from full vacuum to 
- 20,000 psi. 
INSULATOR No. 3 Low mass, unshielded, bare 
wire thermocouples give al- 
most instantaneous response 
BODY to temperature changes as- 


INSULATOR No. 2 suring greater accuracy of 
measurement and control. 


Temperature range— 
—300°F to +-1850°F 


All stainless steel 
construction 


Complete range of sizes 
Available from stock 


SEALANT SPACE 





INSULATOR No. 1 


THERMOCOUPLE 
U.S. PATENT 2,625,573 WIRE 


WRITE FOR CONAX DATA 
BOOK SHOWING COM- 
PLETE LINE OF THERMO- 
COUPLE ASSEMBLIES AND 
PRESSURE SEALING 
GLANDS. 





comeax “orperstion. 
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internal parts, since interelectrode spacings within such 
tubes are a few thousandths of an inch... . Micro-mini- 
ature tubes of this general design and construction will 
withstand operating temperatures in excess of 500 C. 
Their rigid and compact ceramic construction will resist 
other environmental factors like impact shock and vibra- 
tion to a remarkable degree. 

The first G-E micro-miniature ceramic receiving tube- 
type, 6BY4, is a low-noise, high-mu triode for UHF-VHF 
television receivers. This type is about %” long and yy” in 
diameter. (From new 20-page Catalog “G-E Micro-mini- 
ature Metal-ceramic Receiving Tubes, General Electric Co., 
Tube Dept., Schenectady 5, N. Y.) 
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Electro-Optical Instruments 


OptiTherm Radiometers (illustration) employ a unique 
»ptical chopping principle in which a thermistor detector 
‘ontinuously compares the infrared radiation from the 
arget with the infrared reference black body at a known 
-emperature level. 

OptiTherm Infrared Detectors are rugged components 
for use as sensing elements in radiometers, pyrometers, in- 
frared spectrometers, gas analyzers, product control units 
» other infrared instruments .-. . The blackened thermis- 
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JEWELS... 


INDUSTRY... 

By MOSER JEWEL COMPANY, 
pioneer industrial jewel 
manufacturer for over 50 years. 


@ HIGHLY POLISHED STEEL 
PIVOTS AND STAFFS 


HARD ALLOY WELDED TIPS 
NON-MAGNETIC STAFFS 
DIAMOND POINTS 


FOR INFORMATION ON HOW 
WE MAY FILL YOUR REQUIREMENTS 


Write fa... 


MOSER JEWEL COMPANY 


P.O. Box 150 © Perth Amboy, N. J. 


“Manufacturers of all types of Industrial Jewels”* 
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LOW COST 
SWITCHES 


FOR ALMOST ANY ELECTRICAL PRODUCT 


Low-priced Stackpole slide switches provide 
practically any needed switching arrangement 
for appliances, instruments, ra- 

dios, TV sets, small motors and 

electrical toys. They’re sturdy, 

fully dependable, small in size. 


22 STANDARD TYPES 


Types from.5 to 3 amperes A.C. 
Underwriters approved. Write for 
Slide Switch Bulletin RC-9B to: 


Electronic Components Division 
STACKPOLE CARBON CO. 
St. Marys, Pa. 


Fixed and Variable Resistors e |lron Cores e Ceramag ' ferromag- 
netic Cores e Molded Coil Forms e “GA” low-value Capacitors: 
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Better Bellows...Quicker 


from big new plant 


180,000 square feet of automated production facil- 
ities assure fast, on-time delivery of quality metal 
bellows—in any quantity and at low cost. Another 
Bridgeport advance: a tiny 4” diameter bellows for 
big savings in space and weight. 


7 
BRIDGEPORT THERMOSTAT DIVISION 


Dept. NL-125, Milford, Connecticut 


Send data on [_] small-diameter bellows 
() general bellows line. 


NAME 
COMPANY 
ADDRESS 
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BARBER 
COLMAN 


Cmall Motors 


chosen for computers 
on Stanley Trainers 


Simulatifig various systems of an actual jet plane in flight, Stanley 
Cockpit Procedure Trainers give Air Force student pilots intensive 
flight training right on the ground. To assure precision operation of 
fuel computers and indicator transmitters, Stanley Aviation Corpora- 
tion selected Barber-Colman OYAZ type reversible motors. For 
accurate actuation of your products, too, there is a wide selection of 
Barber-Colman motors up to 1/20 hp. Unidirectional, synchronous, 
and reversible . . . with or without gearing . . . open or enclosed. 
Write for new Catalog F-4271-6. 


Barber-Colman Company 


Dept. G, 1215 Rock Street, Rockford, Illinois. 
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Electrical Instcument Company, Inc. 
Psnacook, N. H. 


IN THE NORMAL EXPANSION AND DEVELOPMENT 
OF THE BEEDE INSTRUMENT LINE THE WU meTER 
BECOMES ANOTHER PROMINENT MEMBER. THE 
MOST POPULAR MODEL IS IN THE 16 sTYLE. 
Inquiries as to modifications of 


this meter are always welcome 


BEEDE [!!c1eicat Instrument CO., INC. 


PENACOOK, N. H. 
For more information circle 123 on inquiry card. 
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BRIEFS—CONTINUED 


tor element absorbs 80 percent or more of the incident in- 
frared radiation. 

The Barnes Industrial Process Refractometer continu- 
ously measures the difference in refractive index between 
a flowing liquid sample and a reference liquid. Refractive 
index is a characteristic physical constant possessed by all 
liquids and may be measured by observing the bending of 
a beam of light upon passing a boundary between the 
liquid to be measured and some reference material. 

Sources and components for infrared systems include 
Detector Preamplifier, Reference Sources, and Controllers. 
Sources includes Laboratory Blackbody (60-230°C), High 
Temperature Source (200-600°C), Blackbody Point Source 
(180-430°C) and Extended Field Source 12” x 12” (0- 
250°C). (From new 8-page pamphlet “Electro-Optical In- 
struments for Process Control,” Barnes Engineering Co., 
30 Commerce Rd., Stamford, Conn.) 
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Controlled Closing Air Valve 
(CCAV ) 


Water hammer is the concussion resulting when a mov- 
ing column of water is suddenly arrested. Two types of 
flow conditions are pertinent: 

1. Steady state operation, where both the head or line 
pressure and the flow rate are constant. This can be 
called “normal condition.” 

2. Transient operation, where conditions are changing 
rapidly due to any cause. The effect of valve operation, 
the characteristics of the pumps, the length, size and 
material of the pipe as well as the velocity of flow will all 
have a bearing upon the magnitude of the surge and the 
rate of change of pressure... When water hammer occurs, 
the intensity and rapidity of its action is capable of rup- 


REPUBLIC 


SEAL-TITE VALVES 


PRESSURE BALANCED 





LIQUIDS 


@ Zero leakage 

® Increasing pressure 
tightens seals. 

®@ Positive flow control 


Ask for Catalog No. 356 


Distributors in principal cities coast to coast 


© Ye” to 1” FPT 
—65° to 160°F 

@ 2, 3, 4-way 

® Turning ease 


CHECK REUEF GLOBE NEEDLE 
7 189 


REPUBLIC MANUFACTURING CO. 


15655 BROOKPARK ROAD e¢ CLEVELAND 11, OHIO 
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Fig. 4. enced on too rapid check valve closure or on power 
failure to electric motor driven pumps. 





Fig. 4, except pipe line hes a high point requiring 
Fig. 5. odditional CCAV cluster. 


iring the pipe line, fittings or valves, with attendant 
irther damage from washout. Such occurrences are prone 


‘0 happen when line valves are closed too rapidly, or upon 


ailure of a pump to continue operating. The source of the 


cceurrence is where a vacuum may follow a parting of the 


‘ater column. 
The CCAV valve, by virtue of its combined function of 


on air inlet (vacuum breaking) valve with its controlled 
closing features (when the line is being filled), provides 


means of protection that will, upon proper location and 
izing, prevent the danger of pipe rupture. ... The quick- 
pening, controlled closing air valve relieves the vacuum, 
ngthens the pressure reversal time and reduces the total 


ead effective on the upper column to accelerate it back- 
vards. (From new 12-page Bulletin 200, Simplex Valve 
und Meter Co., Lancaster, Pa.) 
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Unbreakable, 
Roll-Up... 





SLACK TUBE 
MANOMETERS 


Resilient Spring Steel Scale holds viny] plas- 
tic tube rigid for easy set-up and use... yet 
whole instrument rolls up to pocket or tool 
kit size. 


Read pressure, vacuum or differential with 
no parallax error . . . full 2-inch sliding zero 
adjustment. 


Complete with plastic % " pipe thread connec- 
tions, carrying plugs, and adapters. 
Standard ranges from 8” to 120” 

water or mercury. 


e Write today for 
literature and prices 


FLW. DWYER MFG. CO. 


P.O. BOX 373-S MICHIGAN CITY, INDIANA 
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Kodak 
Ektron 


Detector... 


A unique lead sulfide photosensitive resistor with 
the following characteristics: 


@ Response extends from 0.25 microns to 3.5 microns with 
maximum sensitivity at 2.2 microns in the infrared 


® High signal-to-noise ratio in infrared 


® Signal response is almost independent of size of sensitive 





area 


® Unaffected by vibration, 
small in size 





ss A Mahi. in C pi and S 
exact arrays and mosaics 2xl0%ohms = 2x10°ohms = 2x10’ ohms 








For a booklet giving detailed information on Kodak 
Ektron Detectors, write Military and Special Products 
Sales, 


EASTMAN KODAK COMPANY 
Rochester 4, N. Y. 
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Where stability is of prime 
importance, CEC’s 3-132 
D-C Power Supply gives out- 
standing performance... 
provides the utmost regula- 
tion over long periods, 
regardless of line-voltage 
changes or transients. It’s 
ideal for strain-gage excita- 
tion, as a secondary refer- 
ence-voltage source and as 
a filament supply for sensi- 
tive D-C amplifiers. Stabil- 
ity, continuously adjustable 
output, maintenance-free de- 
sign and compactness make 
it far superior to batteries 
for many applications in re- 
search and instrumentation. 


CEC's 3-132 
power supply 


O to 15 volts 
O to 1 ampere 


0-15 volts d-c @ 1 amp (max) 
Check these less than 5 mv/hr drift ; 


features... Voltage Regulation. . . 0.1% 
less than 1 mv peak-to-peak 
For complete specifications, send today for Bulletin CEC-1543A-X5. 


Consolidated Electrodynamics 
CORPORATION 
formerly Consolidated Engineering Corporation 
ELECTRONIC INSTRUMENTS FOR MEASUREMENT AND CONTROL 


300 North Sierra Madre Villa, Pasadena California 


For more information circle 127 on inquiry card. 


July 1956—Instruments & Automation—Page 1413 


wre Veer Vewn=—eoeenT! 


WR Ceara Vewn=—eewnss 





FREE sookter 


.+- tells how to judge diamond quality. 


SEND FOR 
YOUR COPY 
TODAY! 


Most up-to-date information 
available. Helps you use 
diamond better, more 
efficiently. Serves as 
guide when buying 
or using 
diamond. 


Elgin Diamond is the standard for 
Harel er-saat-)melt-laslelaremel’r-lia mm elalhanai-4i0 
offers this Master Comparison Gage 
com [-} ane] 0 moral -\or.mn'zelel ame), 7amell-laslelarem ele 


grading and purity. . A 
ABRASIVES DIVISION, DEPT. T 


ELGIN NATIONAL 3 
Rain 
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Another Marsh development... new “SAFE- 
CASE” gauge for those conditions where 
over-pressures of explosive force can occur. 


Face well protected by solid metal wall; 
but, still more important, entire back 

is thin metal — that opens out to 
exhaust any abnormal pressure. 

In testing, heavy blank cartridges, fired 
within back of case, did not even 
break crystal. 

Use “Safecase” for your toughest 
services. It is standard in Marsh 
““Mastergauge”’—the highest develop- 
ment in pressure gauges. 

Ask for facts. 

MARSH INSTRUMENT CO., 

Sales affiliate of Jas. P. Marsh Corp. 

Dept. 42, Skokie, III. 

HOUSTON BRANCH PLANT: 1122 Rothwell St. 
Sect. 15, Houston, Texas 

Marsh Instrument & Valve Co. (Canada) Ltd., 
8407 103rd St., Edmonton, Alberto, Canada 


Test Proves Safety 
Explosive forceofcartridge 
merely opens out safety- 
release back. Back is firmly 
attached to case and can- 
not be dislodged during a 
pressure blow-out. 


MARSH GAUGES 
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Angular Position Encoders 


13-digit and 16-digit optical encoders generate binary- 
parallel code signals representing angular shaft position 
with accuracies of +% part in 8192 (13-digit) and 65536 


(16-digit) . 


LIGHT SOURCE 
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PHOTOCELL 


The major components of the Baldwin Angular Position 
Encoder are (1) a glass disk, mounted on a shaft and 
covered on one side with a code pattern of transparent 
and opaque areas, arranged in concentric tracks; (2) a 
pulsed light source; (3) a reading slit; (4) a bank of 
photocells, one for scanning each track on the code disk. 

The disk, as it revolves, switches on and off illumination 
from the lamp directed at the individual photocells. Photo- 
cells behind a transparent area of the disk, receiving light, 
transmit a pulse corresponding to the binary digit one 
Binary zero is represented by the absence of pulse from 
photocells behind an opaque area, which do not receive 
light. (From new 8-page Bulletin No. 0156, The Baldwin 
Piano Co., Electronics Div., 1801 Gilbert Ave., Cincinnati 
2, Ohio.) 
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DECIQN ENGINEERG! 
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Then . . . send for this 
brochure right away and 
discover the design value 
of precision-made glass! 

Not just any glass... 
but Wilmad precision 
bore tubing in a broad 
range of sizes and in 
practically any _ shape. 
Wilmad precision bore 
tubing is processed to ac- 
curate tolerances hitherto 
unheard of in the glass 
industry. 

Write today for this 
new brochure! 


WILMAD 


GLASS COMPANY 
Landisville, N. J. 


When you need PRECISION glassware — 
specify WILMAD! 
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MAG/NU/MATIC Pneumatic 


Transmitter 


The MAG/NU/MATIC (rotameter) Transmitter is 
magnetically actuated by a permanent magnet in the float 
extension. The magnet constantly attracts a full length 
armature in direct proportion to the height of the float 
xtension in the tube ... The basic principle involves a 
force-balance pneumatic system ... Time lags are re- 
juced by the low air capacity of the pneumatic circuit. 

Three systems of electrical transmission (can be) util- 
zed... The INDUCTANCE BRIDGE system employs a 
tandard inductance bridge principle and is designed for 


PURGE CONNECTION 


INERTIA DAMPENER 


PISTON 
MOUNTING BLOCKS MAGNETIC 


MOMENT ARM 


FORCE BALANCE 
PISTONS 

















MAGNETIC 


\ BELLOWS STOP 
FLOAT EXTENSION \\ 








3\ PRESSURE GAUGE 
s}*FLOAT POSITION 
INDICATOR 
NEEDLE VALVE 
oO 


‘1c = Ser 
NOZZLE BLOCK~ S or 
Ea at 5 


NOZZLE ‘a 


FLAPPER PLATE 


~~ COUNTER BALANCE 


ate 
AIR IN . “AIR OUT 
CROSS FLEXURES 


Caren Tue ZERO ADJUSTMENT 





FecWAGED MGO |Pxtan 





SURFACE with 
STANDARD T/C Head 


e Extremely accurate since 
junction can be welded to 
surface. 











DESIGNING 


IMMERSION with 

LEAD WIRE ADAPTOR 

e° Fast time response 
Install in any pipeline 
without a thermo-well by 
simply drilling and tap- 





pin 
| | Pressure and vacuum tight. 
Variable immersion depth 
—easily replaced. 


FABRICATING 











QUICK DISCONNECT 

¢ Available in long lengths 
or spliced together to 
meet your length require- 


o 

| LEAD WIRE with 
| 

( ments. 

i 





“SWAGED MgO wire is available 
from our stock—Diam. .025 to 
16”. SEND FOR BULLETIN 4. 


INSTRUMENT COMPANY, INC. 


315 NO. ABERDEEN STREET, CHICAGO 7, ILLINOIS 
Sales Representatives throughout the United States and Canada 
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CARBON 2oevitha 
DIETERT- DETROIT 


carbon determinator 


NO. 3003 


Why bother with tedious, time consuming lab- 
oratory routines when a Dietert-Detroit Carbon 
Determinator provides a completely accurate 
analysis of carbon content in just two minutes. 
Easy, too... no involved computations! Samples @@i 
may be borings, mill chips, crushed samples, “ 
pellets, etc. 


DIETERT-DETRO!T CARBON 


DETERMINATOR 


Sulfur Determinators also available for perform- ~~ 
ing fast, accurate tests on wide range of materials. 


Excellent performance record with: 
IRON / STEEL / PETROLEUM CATALYSTS 


STAINLESS ALLOYS / ORGANIC CHEMICALS 
FOUNDRY SANDS 


Send for free catalog! 


Illustrates and describes both Carbon and Sulfur Determina- 
tors and accessory equipment. 


HARRY W. DIETERT CO. ,CONTROL 


9330 ROSELAWN DETROIT 4, MICH. 
Send me your latest Carbon-Sulfur Determinator Catalog. 
NAME 
COMPANY. 
ADDRESS. 
CITY. STATE. 
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new SCHERR 


TOOLMAKERS MICROSCOPE 


with optics 


LARGE MICROMETER 
DRUMS READ 
DIRECTLY TO .OOCOI" 


9” x 1%” 
MEASURING RANGE 


Interchangeable Oculars 
permit checking of Radii, 
concentric circles, threads 
and angles to 
1 minute of arc. 





Completely Universal 
but priced within 
the range of the 

smallest shop. 





WRITE FOR CATALOG -- Code YGIIQ 





Geo. SCHERR OPTICAL TOOLS, Inc. 


200-MG LAFAYETTE STREET * NEW YORK 12, N.Y. 
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MONOXOR 
CARBON 


SHOWS 
MONOXIDE 


CO Hazard | wie 


INSTANTLY —+-—— 4 


®@ Shows CO hazard directly — 













REPLACEABLE 
DETECTOR 


TUBE 
CONTAINS 





YELL 
at a glance CHE 
WHICH TURNS 
@ Requires no color matching or BROWN WHEN 
reference to comparator scales AIR “SNIFFED” 
THROUGH DETECTOR 
@ Test takes only a few seconds TUBE BY PENCIL- 
®@ Simple in operation; SIZE ASPIRATOR 
CONTAINS 


NTAI 
easy to use CARBON MONOXIDE 





®@ No special training 
needed 










The MONOXOR detects 
presence of CO, even in con- 
centrations as low as 100 
parts CO per million parts 
of air. Particularly useful for 
a spot-check of carbon mon- 
oxide contamination in gar- 
ages, vehicular tunnels, 
mines, industrial plants and 
wherever gas appliances are 
operated. 


For Complete Particulars . . . 
Clip this ad and mail to us with 
your name and address, or write 
for Leaflet 859. 


Price Complete—includes 
MONOXOR Instrument, 
24 Detector Tubes, 6 
Tube Caps, in 
Pocket Case 












4a BACHARACH INDUSTRIAL INSTRUMENT CO. 


7301 PENN AVENUE «+ PITTSBURGH 8, PA. 


Telephone: MOntrose 1-0702 M-9r 
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Comar Electric Company is one of the 
first relay manufacturers to qualify under 
the United States Army Signal Corps 
Honor Inspection Program... the Re- 
duced Inspection Quality Assurance Plan 
. +» RIQAP. Comar’s qualification for this 
honor is based on a proven record of con- 
sistently producing products of high qual- 
ity, equal to or better than the Acceptable 
Quality Level established by the Govern- 
ment. The same rigid quality control and 
inspection methods necessary to win 
RIQAP approval are embodied in all 
Comar products. 


OM AT cvectric COMPANY 


3349 ADDISON STREET, CHICAGO 18, ILLINOIS 










RELAYS: SOLENOIDS: COILS + SWITCHES + HERMETIC SEALING 
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use with the Brown Electronik Induction Bridge Receiver. 

The RESISTANCE BRIDGE system employs a modi- 
fied resistance measuring Wheatstone bridge and is de- 
signed for use with The Foxboro Dynalog and the ATC 


Atecotran Receivers ... A differential transformer coil 
is used. 

The DC SIGNAL system also uses a differential trans- 
former... the AC signal is converted to a 20 millivolt DC 
signal which may then be used with most DC potentiom- 
eters including Leeds & Northrup, Bristol, General Elec- 
tric and Fielden. (From new 12-page Bulletin 130, Brooks 
Rotameter Co., Lansdale, Pa.) 
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pH and Conductivity 


In order to avoid the use of negative numbers and frac- 
tions, a scale was set up under the definition pH = 
—log,) (H+); or, the pH value is numerically equivalent 
to the logarithm of the hydrogen-ion concentration, with 














TABLE 2-1—pH SCALE 
H* len Concentration pl 

10.0 10*! -1 Strong acid 
1.0 107° 0 A 
0.1 107! 1 | 
0.01 1072 2 | 
0.001 10-3 3 Increasing acidity 
0.0001 10-4 4 
0.000,01 1907S 5 
0.000,001 1076 6 | 
0.000,000, 1 1077 7 Neutral 
0.000,000,01 10-8 4 Nl 
0.000,000,001 10-9 9 | 
0.000,000,000,1 10" | 10 
0.000,000,000,01 1907! 1 Increasing alkalinity 
0.006,000,000,001 107!2 12 + 
0.000,000,000,000,1 107"? 13 
0.000,000,000,000,01 107'4 14 Strong base 





en ion concentration can be determined by the 
ormula: [H+] [OH-] = 10°14 








space saver 


RECORDER 
at lower cost 


miniature 


RECORDING 
POTENTIOMETER 





t+ exw * 


The Westronic Model 2705 miniature potentiometer 
solves your recording needs and control panel 
space problems. Here are some of the features. 


%& One second pen travel %& Panel space 954” x 812” 
+ Weighs approximately 25 Ibs. %* 5” Strip chart record 
3% Guaranteed performance + Continuous standardization 
x Thermocouple or MY. calibrations > Null balance system 
%& Lower cost %& Accuracy better than 0.5% 


Write for descriptive literature 


westronics, INC 


3605 McCART STREET ye FORT WORTH, TEXAS 
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the minus sign changed to plus. The pH of pure water at 
25 C is thus 7, since there are 10-77 moles of hydrogen ions 
in a liter of pure water, and log,,10-7 equals —7. 

Like pH, the measurement of oxidation-reduction po- 
tential (Redox) is concerned with ions in solution. These 
ions, all electrically charged, have either an excess or a 
deficiency of electrons, and are termed, respectively, nega- 
tive or positive ions. Oxidation-reduction reactions are 
characterized by a transfer of electrons between the re- 
actants. 

All ions in solution affect conductivity, whereas pH and 
Redox measurements are based on properties of certain 
svecifie ions only. 

Oxidation involves the loss of an electron (s), or an in- 
cvease in positive electrical charge, and does not neces- 
sirily require the presence of oxygen. Reduction involves 
the gain of an electron (s) or a decrease in positive charge. 

If a suitable electrode (usually platinum or gold) is im- 
mersed in a solution, it reaches an electrical potential 
which depends upon the relative concentrations of oxidized 
aid reduced ions. The potential developed represents the 
euilibrium between the tendency of oxidized ions to ac- 
quire an electron from the metal electrode (and thereby 
become reduced) and the tendency of the reduced ions to 
r lease an electron to the electrode. 

As in pH measurement, a reference electrode must be 
aided to complete the electrical eircuit. The calomel elec- 
t-ode is often used, but other electrodes are also em- 
p oyed for special purposes. 

The electrode potential in oxidation-reduction potential 
neasurement can be measured in essentially the same 
nanner as the potential of pH electrodes. Normally, the 
instruments are identical except for calibration. Redox 
instruments are usually calibrated in terms of millivolts; 
pd instruments are calibrated directly in pH units. (From 
new 20-page Catalog 1551, “pH and Conductivity,” Minne- 
apolis-Honeywell Regulator Co., Industrial Div., Phila. 
44, Pa.) 
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A. D. JONES OPTICAL WORKS 


2400 MASSACHUSETTS AVENUE 
CAMBRIDGE 40 MASSACHUSETTS 


TRowbridge 6-3368 — 3369 








A LIST OF MATERIALS WE FABRICATE 
USED IN OPTICS AND ELECTRONICS 


SAWING GRINDING POLISHING DRILLING 


ALUM GERMANIUM 
ALUMINA INDIUM ANTIMONITE 
ALUMINUM INDOX 
ANTHRACENE MELAMINE FIBER GLASS 
ARSENIC TRISULPHIDE MICA, SYNTHETIC 
BARIUM TITINATE POTASSIUM BROMIDE 
BISMUTH *PYREX 
BRASS *QUARTZ, CRYSTAL 
CARBORUNDUM *QUARTZ, FUSED 
CERAMIC **SAPPHIRE 
COPPER **SODIUM CHLORIDE 
*CORNING 707 **STEEL 
*CORNING 7052 STRONTIUM TITINATE 
FERRITE TITANIUM DIOXIDE 
FERROX *VYCOR 
**FLUORIDE, CALCIUM *X-RAY LEAD GLASS 
**FLUORIDE, LITHIUM ALL TYPES KNOWN 
GLASS 


*Carried in stock 
**Purchased for orders 
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Jor an entirely new 


— J 
range of time delays 


delay intervals: Mine oeLaY 
RELAY 
l Type yr-O! 
LO 5 seconds HEATER -28V 
10 SET FoR) . 
recovery rate 


extremely rapid 


specify sturdy, thoroughly 
field-tested 


HOT WIRE 
TIME DELAY RELAYS 


Over two years of successful field service in electronic, aeronautical 
and industrial equipment prove these new G-V relays to be dependable, 
efficient and accurate. 


© Adjustable Delay even though e Wide Ambient Range compen- 
hermetically sealed = from —70°C to 100°C oF 
igher 
© DC or AC of any frequency for : ; 
energization ° perro Energization with- 


© Small and Light. 34” diameter, Available in 7-pin Plug-in and 
2%” length. Weight: 1 oz. Flanged designs 


Series H 


Write for Pub. No. 35 — engineering data and drawings 
G-V CONTROLS INC. 
38 HOLLYWOOD PLAZA, EAST ORANGE, NEW JERSEY 
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BIG STEP in 


Production Cost-Cutting! 





Take a giant step 
forward in lowering 
assembly costs with 
Kester Solderforms. 
Labor costs are re- 
duced, assembly op- ° 
erations speeded up. 
There’sno solder 
waste, and the end 
result is a neater, , 
more expertly fin- 
ished product. 
WRITE TODAY for com- 
plete Kester Solderforms 
information. Free! 
KESTER SOLDER 
COMPANY 
4270 Wrightwood Ave. 
Chicago 39, Illinois 
Newark 5, New Jersey 
Brantford, Canada 
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INSTRUMENTS 
an 
AUTOMATION 


New 
Literature 





AUTOMATION 


“Tel-O-Set” Transmitter. New 4- 
page Specification Sheet 1003-1 de- 
scribes maker’s “Tel-O-Set” trans- 
mitter for measuring and transmit- 
ting temperature, gage pressure or 
absolute pressure.—Minneapolis-Hon- 
eywell Regulator Co., Industrial Div., 
Phila. 44, Pa. 

Cirdle 412 on inquiry card 


Aerodynamic Testing Controls. New 
20-page Bulletin MSP-133 describes 
maker’s line of electrical and elec- 
tronic automatic control equipment 
for surge, altitude and mass flow in 
subsonic, transonic and supersonic 
wind tunnels—Hagan Corp., 323 
Fourth Ave., Pgh. 30, Pa. 


Circle 413 on inquiry card 


Sheet Control Systems. New 8-page 
Bulletin B-1456 describes maker’s 
area-weight control systems for the 
rubber and plastics industries.—In- 
dustrial Nucleonics Corp., 1205 Chesa- 
peake Ave., Columbus 12, Ohio. 

Circle 414 on inquiry card. 


Photoelectric Alarms, Controls. New 
36-page Brochure illustrates applica- 
tions of photocell sets for actuating 
counters, burglar and smoke alarms, 
lighting systems, and providing in- 
formation in automatic production and 
conveying systems.—Worner Elec- 
tronic Devices, Box 10, Rankin, Il. 

Circle 415 on inquiry card. 


Automatic Rudder Control. New 12- 
page Bulletin reprints article describ- 
ing use of maker’s automatic rudder 
control “Dart”.—New 8-page Bulletin 
presents specs on DART I unit air- 
craft.—Air Associates, Inc., Teter- 
boro, N. J 


Circle 416 on inquiry card. 








Third International 


AUTOMATION 


Exposition 


NOVEMBER 26-30 


New York Trade Show Building 
500 Eighth Avenue, N.Y.C, 


"the show of the future” 














For more information circle 162 on inquiry card. 
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Hydraulic Controllers. New 16-page 
Bulletin 305 describes application of 
maker’s jet-pipe regulators for auto- 
matic control in the glass industry.— 
Askania Regulator Co., 240 E. On- 
tario St., Chicago 11, Ill. 

Circle 417 on inquiry card. 


Limit Controller. New 4-page Bulle- 
tin MRM240 describes maker’s “Series 
135R” relay for high-limit action and 
“Series 135R-RO” relay for low-limit 
action in switching, control circuits.— 
Manning, Maxwell & Moore, Inc., In- 
dustrial Controls Div., Stratford, 


Conn. 
Circle 418 on inquiry card. 


Current Controller. New 4-page 
Specification Sheet GE-500 describes 
and illustrates maker’s Alternating 
Current Controller—an electro-pneu- 
matic converter for control of alter- 
nating current motors and power cir- 
cada Corp., Pittsburgh 30, 

a. 


Circle 419 on inquiry card. 


Servo-Kit. New 4-page Brochure 
presents “Servo-Kit” containing com- 
ponents and training course for exper- 
imentation and demonstration of ser- 
vomechanism controls.—Servo Sys- 
a Co., 55 Meeker Ave., Newark 12, 


Circle 420 on inquiry card. 


Micro Positioners. Inductosyn Ma- 
chine Tool Control. New 12-page Bul- 
letin 819 describes maker’s linear and 
angular micro positioning systems for 
automatic control of machine tools, 
precision positioning, etc.—Farrand 
Controls, Inc., 4401 Bronx Blvd., New 
York 70, N. Y. 


Circle 421 on inquiry card. 


Welding Control. New 6-page Bul- 
letin 338 presents maker’s predeter- 
mined, electronic-counter that counts 
cycles of power line frequency to con- 
trol welder sequence.—Sciaky Bros., 
Ine., 4915 W. 67 St., Chicago 38, Ill. 

Circle 422 on inquiry card. 


=a 


Air Control Valves. New 44-page 
Catalog 54 SV describes maker’s sole- 
noid-operated 2-, 3-, and 4-way air 
control valves; also direct and pilot 
operated valves and parts.—Valvair 
ra 454 Morgan Ave., Akron 11, 
Ohio. 


VALVES 


Circle 423 on inquiry card. 


Valves. New 4-page Bulletin 65 de- 
scribes maker’s “Series S” “Krebs” 
pinch-type valves.—Equipment Engi- 
neers, Inc., 41 Sutter St., San Fran- 
cisco 4, Calif, 

Circle 424 on inquiry card. 


Solenoid Valves. New 36-page Cat- 
alog 201 presents engineering data. 
flow charts, prices, selection chart, 
etc., for maker’s line of 2-, 3-, and 4- 
way solenoid valves and accessories. 
—Automatic Switch Co., 391 Lakeside 
Ave., Orange, N. J 

Circle 425 on inquiry card. 


Cylinder Valve Actuators. New 2 
page Bulletin 3022 presents maker’: 
“Quad” actuators built to operat 
high-pressure plug and ball valve: 
up to 36” size.—Ledeen Mfg. Co., 160/ 
3 Age Pedro St., Los Angeles 15 

alif. 


Circle 426 on inquiry card. 


Valves. New 2-page Bulletin BV- 
presents maker’s line of hand, foot, o 
solenoid operated valves for air or oi 
service up to 200 psi.—Modernai 
Corp., 400 Preda St., San Leandrc 
Calif. 

Circle 427 on inquiry card. 


MOTORS, 
SERVOS 


Torque Motor, Servovalves. Fou 
new 4- and 8-page bulletins describ 
and illustrate maker’s Models 3, 
and 7 hydraulic servovalves, and Mod 
el 9 torque motor.—Midwestern In 
struments, P.O. Box 7186, Tulsa 
Oklahoma. 


Circle 428 on inquiry card. 


Servo Motors. New 16-page Cata 
log 7 presents characteristics charts 
and specs for maker’s large line of 
servo motors and generators.—G-)i 
Laboratories Inc., 4800 N. Knox Ave., 
Chicago 41, Ill. 

Circle 429 on inquiry card. 


Servomotors, Servomechanisms. 
New 4-page Bulletin 376 presents in- 
formation on maker’s induction mo- 
tors, tachometer generators, synchros, 
resolvers, etc.—Norden-Ketay Corp., 
Precision Components Div., 555 
Broadway, New York 12, N. Y. 


Circle 430 on inquiry card. 


Servomotors, Synchros, Resolvers. 
New 4-page Bulletin 374 presents 
specs on maker’s line of 36 synchro 
resolvers for data transmission.—- 
New 2-page Bulletin 371 presents 
maker’s gear head servo motors.—- 
New 4-page Bulletin 382 presents di- 
agrams for maker’s 60 cycle and 40) 
cycle magnetic servo amplifiers. 
Norden-Ketay Corp., 99 Park Ave, 
New York, N. Y. 


Circle 431 on inquiry card. 


{ i > TEMPERATURE 


Thermocouples. New 44-page Catz- 
log F-5228-3 illustrates and describes 
maker’s line of thermocouples, pro- 
tecting tubes, accessories, etc.-- 
Wheelco Instruments Div., Barbe - 
Colman Co., Rockford, Ill. 

Circle 432 on inquiry card. 


Thermometers. New 4-page Bulle- 
tin 148 presents specs for maker's 
new bimetal dial thermometers wiih 
swivel joint to allow readings from 
any angle—Manning, Maxwell & 
Moore, Inc., Stratford, Conn, 

Circle 433 on inquiry card, 





Thermocouple Accessories. New 4- 
page Bulletin 1610-A describes mak- 
er’s thermocouple accessories, includ- 
ing adapters, resistors, terminals, and 
connectors.—Revere Corp. of Amer- 
ica, Wallingford, Conn. 

Circle 434 on inquiry card. 


Temperature Regulator. New 4- 
page Bulletin 500 describes maker’s 
self-operating temperature regulator 
Series V.—A. W. Cash Co., P. O. Box 
551, Decatur, Il. 

Circle 435 on inquiry card. 


Sealed Thermostats. New 8-page 
Bulletin 3009 B presents specs and 
mounts for maker’s sealed-in-glass 
thermostats.—Thomas A. Edison, 
Ine., Instrument Div., W. Orange, N. J. 

Circle 436 on inquiry card. 


TC Assemblies. New 28-page Cata- 
log 1556 describes and tabulates mak- 
e:’s thermocouple assemblies and pres- 
sire sealing glands——Conax Corp., 
7311 Sheridan Dr., Buffalo 21, N. Y. 


Circle 437 on inquiry card. 


Thermocouple. New 4-page Bulle- 
tn presents data of maker’s patented 
thermocouple for high temperatures 
vith high resistance to oxidation and 
iinproved emf stability in reducing at- 
r,ospheres.—Driver-Harris Co., Har- 
son, 

Circle 438 on inquiry card. 


Temperature Cabinets. New 2-page 
Kulletin 61 presents maker’s sub-zero 
temperature cabinets for testing of 
electronic components, and cold treat- 
ment of metals and fittings —Webber 
Engineering Corp., Dept. SZ-469, P.O. 
ox 217, Indianapolis, Ind. 

Circle 439 on inquiry card. 


Thermometers, Thermostats. N ew 
\2-page Catalog 55 presents maker’s 
vlass-tube thermometers and thermo- 
stats—Reliable Instrument Co., 505 
N. Eighth St., Philadelphia 23, Pa. 

Circle 440 on inquiry card. 


Thermostats. New 4-page Bulletin 
presents maker’s “Temp-Guard” ther- 
mostats—hermetically sealed units 
that respond to current as well as 
heat.—The Franklin Dales Co., 180- 
184 E. Mill St., Akron 8, Ohio. 

Circle 441 on inquiry card. 


Miniature Thermocouple Head. New 
2-page Bulletin 356-3M-R presents 
maker’s new miniature thermocouple 
connection head for operating temper- 
atures up to 500°F.—The Marlin Mfg. 
Corp., 12410 Triskett Rd., Cleveland 
11, Ohio. 

Circle 442 on inquiry card. 


Thermistor, Thermometers. New 2- 
page Data Sheet describes twelve- 
channel indicating thermometer with 
battery power and thermistor probes. 
--Arthur S. LaPine & Co., 6001 S. 
Knox Ave., Chicago 29, II. 

Circle 443 on inquiry card. 


Thermocouple Restorer. New 2-page 
Leaflet describes installation of mak- 
er’s “Restorer”, a thermocouple cir- 
cuit monitor.—The Peerless Electric 
Co., 1455 W. Market St., Warren, 
Chio. 

Circle 444 on inquiry card. 

Temperature Controller. New 4- 

age Specification Sheet S1010-1 de- 
cribes “Model 077” nonindicating 

lectronic temperature controller.— 
linneapolis-Honeywell Regulator Co., 
nd. Div., Phila. 44, Pa. 

Circle 445 on inquiry card. 











Model 407 Capacitrol 


BARBER 


COLMAN | improves furnace control, 


heating elements 





Wheelco’s Model 407 Capaci- 

trol, with saturable core reactor, 

improves heat treat results and 

reduces equipment mainte- 
nance at Rockford Drop Forge Co., Rockford, Ill. Stepless, 
proportioning control of power input to an 80 kva Hevi-duty 
electric furnace gives even, straight-line heating, without lag or 
overshoot, for heat treating, annealing, and carburizing oper- 
ations. 


Forging hammer dies are hardened to saturation at 1850° F 
with improved results over the on-off control formerly used. 
Uniform hardening possible with Wheelco control has elimi- 
nated cracking and splitting when dies are oil quenched after 
heating. An added benefit of proportioning control is elimina- 
tion of contactor troubles caused by on-off cycling. Also, satur- 
able core reactor control will not permit the furnace to overshoot 
its control point, a major cause of damage to heating elements. 


Perhaps your problems of electric furnace control can be solved 
by this remarkable new instrument. Call your Wheelco field 
engineer to get the benefit of Wheelco’s long experience in con- 
trol of heat processing equipment. 


WHEELCO INSTRUMENTS DIVISION 
Barber-Colman Company 


Dept. G, 1515 Rock Street, Rockford, Illinois 


BARBER-COLMAN OF CANADA, LTD., Dept. B, Toronto and Montreal, Canada 
Industrial Instruments » Automatic Controls » Air Distribution Products 
Aircraft Controls »« Small Motors « Overdoors and Operators . Molded 
Products «+ Metal Cutting Tools » Machine Tools ~- Textile Machinery 


For more information circle 140 on inquiry card. 
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lengthens service life of 


CNH—SCCONG GeWhH—SCeoeorai 
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Vapor-Tension Sensing System 


Bulb Range 


0-100° F. 

40-140° F. 
40-240° F. 
100-350° F. 


Recommended 
Working Range 
20-90° F. 
60-130° F. 
90-220° F. 
175-335° F. 


Vapor-Tension Sensing System 
Choice of Temperature Ranges 
Built-In Temperature Indicator 


Simple Adjustment Permits Either 
100% Throttling Action—Or “On- 
Off” Snap Action Within A 

Wide Limiting Range. 

Parts Interchangeability With BS&B 
1440 And 1450 Pilots Reduces 
Maintenance Cost And Parts 
Inventory. 


LACK,  iV4 





The new BS&B Type 1460 Temperature 
Controller or Pilot is equipped with an external] 
vapor-tension thermal system to actuate 

the power unit in the pilot. 


Except for this actuating mechanism and the 
temperature indicator which is an integral] part 
of it, the 1460 Controller has all of the excellent 
features offered in the well-known BS&B 

Type 1440 Control Pilot—including the 14” 
supply medium reducing regulator and 

two pressure gauges. 


This unit is especially suited for translating 
temperature variations to direct flow-control 
of fuel, or of heating or cooling medium, 
through diaphragm operated valves. 


Ask your BS&B 
Representative for more details— 
or write to... 


lov 
deseril 
used a 
of gas 
neerin; 
N. J. 


Cent 
letin 1 
canned 
mounts 
heads 
gpm.— 
1300 E 
18, Pa. 


Flow 
4-page 
line of 
me ers, 
Stands 
dis', I 
Va 


rot amet 
to: Vy pi 
chi nges 


7500 East 12th Street ieee ansas City 2¢ hig ah: Br soks 
For more information circle 141 on inquiry card. 
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NEW LITERATURE 





, PRESSURE, 
WEIGHT 


Pressure Ratio Computer. New 4- 
page Bulletin MSP-103B describes and 
illustrates maker’s “Model PR-O” 
pressure-ratio computer capable of 
square-root extraction, squaring and 
multiplying and dividing operations 
for compressor, exhaustor or blower 
coutrol.—Hagan Corp., Pittsburgh 30, 
Pa. 


Circle 446 on inquiry card. 


Bulk Seale. New 4-page Bulletin 
4019A describes maker’s automatic 
bulk grain shipping scale for weigh- 
ine free-flowing grains.—Richardson 
Serle Co., Van Houten Ave., Clifton, 
N. J. 


Circle 447 on inquiry card. 


FLOW 


Volumetric Flow Meter. New 8- 
pave Bulletin 301 presents illustra- 
ticns and applications of maker’s 
“T:-ansometer,” a positive displace- 
ment type flowmeter and pneumatic 
sienal transmitter for metering fuel 
il, viscous fluids, ete.—Askania Reg- 
ulutor Co., 240 E. Ontario St., Chi- 
eavo 11, Ill. 


Circle 448 on inquiry card. 


‘low Computer. New 4-page Bulle- 
tin, Cat. No. 310398, presents maker’s 
new pressure-compensated, totalizing 
flow computer for orifice measure- 
ment of fluids.—Librascope, Inc., 808 
Western Ave., Glendale, Calif. 


Circle 449 on inquiry card. 


low Tube. New 6-page Bulletin FT 
describes maker’s Gentile flow tube, 
used as primary element for metering 
of gases and liquids.—Foster Engi- 
pore Co., 835 Lehigh Ave., Union 
: ie Circle 450 on inquiry card. 


Centrifugal Pump. New 4-page Bul- 
letin 1060 presents specs for maker’s 
canned-motor axial flow pump that 
mounts directly in pipeline and gives 
heads to 20 ft with capacities to 22 
gpm.—Chempump Corp., Station N, 
7 E. Mermaid Lane, Philadelphia 
18, Pa. 


Circle 451 on inquiry card. 


llowmeters, Vacuum Gages. New 
4-page Catalog 136 presents maker’s 
line of instruments, incl. air-velocity- 
me ers, flowmeters, vacuum gages, 
stundard cells, ete.—Hastings-Ray- 
ot Inc., Newcomb Ave., Hampton, 
a 


Circle 452 on inquiry card. 


low Indicator. New 2-page Bul- 
let'n presents specs and dimensions 
for maker’s armored flow indicator 
for purge service or flow rate indica- 
tio: at elevated pressures. New 8- 
pa;e Bulletin 140 describes maker’s 
ro‘ameter kits for research, labora- 
toiy, pilot plant and field, with inter- 
ch:ngeable metering elements.— 
Br>oks Rotameter Co., Lansdale, Pa. 

Circle 453 on inquiry card. 


fii ? 
1p 


a o ¢ 


MOISTURE 


Moisture Testing. New 4-page Da- 
ta Sheet 11259B describes maker’s 
“Aquatrator” for moisture determina- 
tions in liquid or solid chemicals, 
foods, drugs and industrial products. 
—Precision Scientific Co., 3737 W. 
Cortland St., Chicago 47, Ill. 


Circle 454 on inquiry card. 


Water Deaeration. New 4-page Pub- 
lication 4650 describes principles of 
operation, and applications of deaera- 
tion in boiler feed and process water. 
—Cochrane Corp., 17th St. and Alle- 
gheny Ave., Philadelphia 32, Pa. 


Circle 455 on inquiry card. 


AIR 


Air Dryers. New 2-page Data Sheet 
5561 presents flow diagrams and specs 
for maker’s desiccant-type atmospher- 
ic regeneration dryers.—Industrol 
Corp., 472 Westfield Ave. East, Ro- 
selle Park, N. J. 


Circle 456 on inquiry card. 


Air Pump. New 2-page Product 
Data Sheet 2-29A describes maker’s 
oil-free air pumps for missile pres- 
surizing or compressed air applica- 
tions in aircraft electronic installa- 
tions.—Lear-Romec Div., Lear, Inc., 
Elyria, Ohio. 


Circle 457 on inquiry card. 


High-Pressure Air. New 1-page 
Bulletin AC-15 presents mobile high- 
pressure (5000 psi) air stand for 
leakage testing and calibrating in- 
struments. New 1l-page Bulletin AC- 
13 presents high-pressure (3600 psi) 
bottle cart with 18000 cu in capacity. 
—Accessory Controls & Equipment 
Corp., 146 Willard Ave., Newington, 


Conn. 
Circle 458 on inquiry card. 


Air Filters. New 2-page Bulletin 
C-22A presents specs on maker’s line 
of instrument air filters and driers. 
—The Briggs Filtration Co., River 
Road, Washington 16, D. C. 


Circle 459 on inquiry card. 


VIBRATION 


Vibration Monitors. New 4-page 
Bulletin 500-1A describes maker’s vi- 
bration monitors and malfunction de- 
tectors for protection of rotating 
equipment.—The Beta Corp., P. O. 
Box 8625, Richmond 26, Va. 

Circle 460 on inquiry card. 


Shock Mountings. New 8-page Bul- 
letin 1000 presents maker’s line of 
mountings for shock and vibration 
control.—Robinson Aviation Inc., Te- 
terboro, N. J 

Circle 461 on inquiry card. 


Vibration Switch. New 6-page bul- 
letin presents specifications and draw- 
ings of maker’s multi-channel “Vibra- 
switch” for protection of rotating 
equipment against excessive vibration. 
—The Beta Corp., Forest Ave. at 
Ridge Rd., Richmond 26, Va. 

Circle 462 on inquiry card. 
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MICO 


PRECISION DRILL PRESS 


Priced from 
$163.50 up 


FEATURES 
Durable, accurate, sensitive, variable speed. 
Drill Head can swing radially and be adjusted 
vertically. Locked-in position with a built-in co- 
ordinate clamp. . i é 
Spindle driven by means of a precision six-spline 
shaft. 
Maximum drilling depth: | inch. 
Maximum throat capacity: 6!/. inches. 
Maximum operating distance between chuck end 
and base surface: 6!/2 inches. 
Motor Drive—Bodine | 10 H.P. 7500 r.p.m. 
Universal 115 volt motor. : 
Number 0 Jacobs chuck, standard equipment. 


Send for Illustrated Catalog 


MICO INSTRUMENT CO. 
86 Trowbridge St., Cambridge 38, Mass. 


For more information circle 60 on inquiry card. 





mercury 
vapor 
detector 


tells instantly when a hazard exists 
in plant or lab atmospheres 


Meter is calibrated in mercury concen- 
trations for quick indication. The toxic 
limit is a full-scale reading on the high 
sensitivity scale of Model 23, illus- 
trated. Wt.: 7 Ibs.; size 13x 82” x 
4¥2"'. Three models for varying ranges. 
Write for bibliography on the mer- 
cury vapor hazard, and literature on 
Kruger Mercury Vapor Meters. 


mache acagene 


BOX 164 * SAN GABRIEL, CALIF. 


For more information circle 61 on inquiry card. 
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AMTHOR 
Tensile Strength Testers 


Amthor Tensile Strength Testers 
are designed and constructed in 
strict conformity with the latest 
specifications as approvd by recog- 
nized Testing Committees. New and 


improvéd” features are included, 
which Sinfplify operation and insure 
an extremely high degree of accura- 
cy. Suitable for materials such as 
papers, twine, wire, plastics, alu- 
minum foil, tapes, etc. Many Models 
in capacities from 25 lbs. to 1500 
Ibs. available. 
Write for literature to: 


Amthor Testing Insirument Co., Inc. 


45 Van Sinderen Avenue 
Brooklyn, N. Y. 








For more information circle 142 on inquiry card. 


























The Hunter KLOCKOUNTER does the job of 
timing elock and a counter. The KLOCKOUNTER 
will count events at a rate of 2000 per second. Time 
intervals in units of one- —_— one-hundredth, or 
one-thousandth of a second be measured. The 
KLOCKOUNTER is completely. silent in operation. 

The Hunter KLOCKOUNTER is an_ instrument 
whieh will meet your most exacting requirements for 
quality, performance, reliability, and serviceability. 

You save when purchasing a KLOCKOUNTER. You 
have a timer and a decade counter all in one compact 

hing less than eight peunte. 
ri more information An 
ceive FREE catalog of other Hun equipment wy 
ae mail. It is important to you and you'll always 
be glad you did. 


HUNIER 


MANUFACTURING COMPANY 
930 South Linn St. Dept. B lowa City, lowe 
































For more information circle 143 on inquiry card. 
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NEW LITERATURE 





TIME, SPEED 


Timers, Recorders. New 2-page Bul- 
letin MG-56 presents maker’s multi- 
range timers and lists prices——New 
2-page Bulletin presents maker’s in- 
terval timer with ten ranges.—New 
2-page Bulletin presents portable 36- 
line stylus operations recorder avail- 
able with rotations once per second 
to once a year.—Gorrell & Gorrell, 
Haworth, N. J. 


Circle 463 on inquiry card. 


Technical Watches. New 4-page cat- 
alog presents 17 technical watches to 
serve a variety of timing purposes.— 
Longines-Wittnauer Watch Co., Inc., 
580 Fifth Ave., New York 36, N. Y. 


Circle 464 on inquiry card. 


Time Measurement. New 8-page 
Bulletin presents maker’s instrument 
combining a marker generator and 
pulse generator for accurate lab and 
production time-measurement.—Bru- 
baker Electronics, Inc., 3652 Eastham 
Drive, Culver City, Calif. 

Circle 465 on inquiry card. 


Wide-Range Tachometer. New Leaf- 
let describes use of maker’s wide- 
range tachometer with multiple take- 
off heads, in a system that provides 
central control of a 10-bin mixing unit. 
—Metron Instrument Co., 432 Lincoln 
St., Denver 3, Colorado. 

Circle 466 on inquiry card. 


Tachometer Generators. New 4-page 
Bulletin F-4344-3 presents character- 
istics for maker’s permanent magnet 
tachometer generators capable of sup- 
plying 40 v per 1000 rpm within 
+ 0.5% linearity over the operating 
range.—Aircraft Controls Div., Bar- 
ber-Colman Co., 1400 Rock St., Rock- 
ford, Ill. 


Circle 467 on inquiry card. 


—— GAGING 


Plug Gages. New 4-page Bulletin 
595 presents maker’s go-no-go re- 
versible plug gages.—Pratt & Whit- 
ney Co. Inc., Charter Oak Blvd., W. 
Hartford, Conn. 

Circle 468 on inquiry card. 


TESTING, 


Paper Testers, Scales. New 20-page 
Brochure describes cordage scales, 
thickness gages, strength testers, 
Mullen testers, etc.; also indicating 
and recording tachometers.—Amthor 
Testing Instrument Co., Inc., 45-53 
Van Sinderen Ave., Brooklyn 7, N. Y. 


Circle 469 on inquiry card. 


Indicator Gages. New 2-page Bulle- 
tin illustrates maker’s universal test 
indicators with interchangeable con- 
tact points and shockproof movement. 
—George Scherr Co., Inc., 200 Lafay- 
ette St., New York 13, N. Y. 


Circle 470 on inquiry card. 


Fineness Tester. New 2-page Bulle- 
tin 233 describes maker’s air-perme- 
ability tester for fineness of cement, 
pharmaceutical powders and other 
granular materials.—Precision Scien- 


tific Co., 3737 W. Cortland St., Chi- 
cago 47, Ill. 


Circle 471 on inquiry card. 


Air Gage. New 32-page Catalog 56D 
describes maker’s “Dimensionair” air 
gage for comparing work piece ¢i- 
mensions.—Federal Products + a 
1144 Eddy St., Providence 1, R. 

Circie 472 on inquiry card. 


Spacing Comparator. New Leafict 
presents maker’s portable spacing 
comparator and accessories.—Jerpb::k 
Bayless Co., Solon Road, Solon, Oh‘o 


Circle 473 on inquiry card. 


Nondestructive Testing. New 8-pa:’ 
Bulletin 148-2 reviews nondestructi 
testing systems and illustrates “Ma :- 
naflux” inspection for early crack ¢ : 
tection in raw stock, castings, etc. 
Magnaflux Corp., 7300 West Lawren 
Ave., Chicago 31, IIl. 


Circle 474 on inquiry card. 


SMOKE, 
COMBUSTION 


Combustion Test Kit. New 4-pa» 
Bulletin G-20 presents maker’s co 
bustion test kit for COz content, dra 
stack temperature, and smoke in g:s 
oil or coal fired installations.—F. \V, 
Dwyer Mfg. Co., Dept. IAP, P.O. Box 
373, Michigan City, Ind. 

Circie 475 on inquiry card. 


Smoke Indicator. New 4-page B:1- 
letin CM-22 describes maker’s smoxe 
density indicators and recorders for 
single and multiple stacks.—Electron- 
ics Corp. of America, Dept. CN-4, 718 
Beacon St., Boston 15, Mass. 

Circle 476 on inquiry card. 


Smoke Alarms. New 1-page Bulie- 
tins 106-F & 107-F describe makev’s 
photoelectric smoke density alarms for 
excessive smoke in fiues.—Reliarce 
Instrument Mfg. ie: 190 Glen Cove 
Ave., Glen Cove, L. I., N. Y. 


Circie 477 on ‘aunt iry card. 


+2. COMPUTERS 


Computing Amplifiers. New 32-page 
booklet is “Applications Manual for 
GAP/R K2 Series Octal Plug-in Com- 
puting Amplifiers.”—George A. Phil- 
brick Researches, Inc., 230 Congress 
St., Boston 10, Mass. 

Circle 478 on inquiry card. 


Magnetic Heads. New 2-page bul- 
letin presents maker’s single-track, 
read and record magnetic heads ‘ie- 
signed for digital computers.—Du:ta 
Storage Devices Div., B. Rea (o., 
Ine., 1723 Cloverfield ‘Blvd, Santa 
Monica, Calif. 


Circle 479 on inquiry card. 


Analog Computers. New 16-p: ge 
Catalog presents maker’s “Electro ic 
Analog Computers” and compone: ts. 
—George A. Philbrick Researc! es, 
Inc., 230 Congress St., Boston 10, 
Mass. 

Circle 480 on inquiry card. 


Analog Computers. New 8-page Ja- 
ta File 121 is article “Introductior to 
the Basic Theory and Practice of .\n- 
alog Computers.’—Berkeley D v., 
Beckman Instruments, Inc., Dept. 
ae 2200 Wright Ave., Richmon: 3, 

alif. 


Circle 481 on inquiry card. 





NUCLEONICS 


Thermopile Detector. New 2-page 
Specification Sheet presents maker’s 
neutron thermopile, a differential type 
detector for the measurement of high- 
level, slow neutrons.—Nuclear Instru- 
ment and Chemical Corp., 223 W. Erie 
S+., Chicago 10, Ill. 


Circle 482 on inquiry card. 


Scintillation Detectors. New 8-page 
issue of “The Nucleus (No. 11, May 
55) describes applications of maker’s 
“\fodel DS-5” scintillation detectors 
fir operation with scalers, ratemeters, 
o° gamma ray spectrometer systems. 
—-Nuclear Instrument and Chemical 
Corp., 231 West Erie St., Chicago 10, 
Ii. 


Circle 483 on inquiry card. 


RECORDERS 


Magnetic Tape Recorders. New 4- 
p.ge Bulletin presents 21 models of 
maiker’s variable and fixed-speed con- 
tinuous-loop magnetic tape recorders 
a ailable in single or dual speeds and 
single, dual and triple channels.— 
Amplifier Corp. of America, 398 
Broadway, New York 13, N. Y. 


Circle 484 on inquiry card. 


Magnetic Tape. New 4-page Bul- 
letin 32 reviews mechanical consider- 
a‘ions in the use of thin-base record- 
ing tapes.—Minnesota Mining & Mfg. 
Co., St. Paul 6, Minn. 


Circle 485 on inquiry card. 


Oscillographs, Bridge Balance 
Units. Set of ten new 4- and 8-page 
bulletins presents maker’s multiple 
channel recording oscillographs, syn- 
chro-type data repeater, “Model GA- 
1k” amplifier, “Model 350” current 
source, and “Models 4380 and 435” 
bridge balance units—Midwestern 
Instruments, P.O. Box 7186, Tulsa, 
Oklahoma. 

Circle 486 on inquiry card. 


MAGNETICS 


Magnetic Measurements. New 4- 
puge Bulletin C-11 presents maker’s 
control system for stabilization and 
control of electromagnetic fields in 
mass spectrometers, cyclotrons, etc. 
New 4-page Bulletin M-21 describes 
maker’s gaussmeter.—Nuclear Mag- 
netics Corp., 154 Boylston St., Boston 
16, Mass. 


Circle 487 on inquiry card. 


ANALYTICAL, 
LABORATORY 


{nfrared Spectroscopy. New set of 
4- and 8-page reprints cover introduc- 
tion to Infrared Spectroscopy, Spec- 
tra-Structure Correlations, Analysis 
0: Hydrocarbons, etc. Also includes 
Bulletin 472-A on “IR-4” infrared 
spectrophotometer.—Scientifie Instru- 
ments Div., Beckman Instruments, 
Ine., 2500 Fullerton Rd., Fullerton, 


Calif, 
Circle 488 on inquiry card. 





5000 MICROSECOND DELAY LINES 


@ LONG DELAY @ EXCELLENT PHASE LINEARITY 
@ LOW ATTENUATION @ TAP SPACING UNIFORMITY 


New EPSCO 5000 microsecond 
Precision Delay Lines Model DL- 
0510-400/125 are specifically 
designed for use in precision 
analog computing, auto-correla- 
tion, function generation and 
sonic and sub-sonic applica- 
tions. 

They feature extreme! ne 
delay (which may be extend 
by cascading several units), low 
attenuation and excellent phase 
linearity over a wide range of 
frequencies. Design is based on 
M-derived techniques and em- 
ploys very high toroidal in- 
dyctance assemblies and ultra- 
stable capacitors. 


SPECIFICATIONS 


Overall dela 
—— ic 


us+1% 


etter than 

3 db at 4kc 

6 db at 7kc 

Cutoff Frequency 9.5kc 

Phase Linearity.+0.2% up to 

6kc, +1% up to 8kc 

Size ...19%x51%4”x9” Rack Mount 

*Also available with 470; 600 
and 1000 ohm impedance. 


EPSCO SEND FOR BULLETIN ADL-6 
A. INCORPORATED 588 COMMONWEALTH AVE 


BOSTON 15, MASS 


For more information circle 144 on inquiry card. 














STEREO— 
MICROSCOPE 


With novel rapid change of magni- 
fication from 6x to 160x with wide- 
angle oculars. 

Large working distance from 334-in., 
with diameter of object field up to 
32mm. Beyond 80x magnification, the 
working distance is | 54-inch. 
Uniform sharpness over the entire 
field of view. Erect, non-reversed 
image. Outstanding plasticity; easy 
on the eyes even during prolonged 
observation. 


Write for Literature 


CARL ZEISS, INC. 


485 Fifth Avenue 
New York 17, N.Y. 


Guaranteed Uninterrupted 
Repair Service 


CARLY 





| ZEISS 





MADE IN WEST GERMANY 








For more information circ 
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le 145 on inquiry card. 
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The 
Curtiss-Wright 


“SNAPPER” 


IN THERMAL TIME DELAY RELAYS 


Designed for high performance 
and long life, the Curtiss-Wright 
“SNAPPER” Thermal Time 
Delay Relay is proving itself in 
countless applications involving 
time delay in electrical circuits. 
Such applications include cir- 
cuits to provide definite on-off 
time intervals to delay the appli- 
cation of high voltage until after 
warm-up- period and for over 
and undef Voltage protection with 
simultaneous fault indication. 


These relays have single-pole 
double-throw contact action, 
high ambient temperature range, 
freedom from chatter and arcing, 
and are small in size. The 
“SNAPPER” thermal time delay 
relays are factory pre-set from 3 


to 120seconds.They are available 
in metal envelope, miniature (7 
and 9 pin) or octal (8 pin) and 
in a glass envelope in 9 pin only. 

Curtiss-Wright manufactures 
the High-Low “SNAPPER” Dif- 
ferential Thermostat with high 
precision characteristics. Write to 
Thermal Devices for complete 
information. 


CURTISS-WRIGHT 


For more information circle 146 on inquiry card. 








dential. 


P.O. Box 51 


INSTRUMENT ENGINEERS 


Career opportunities in instrument engineering. Candidates 
considered with degrees in either Mechanical, Electrical or 
Chemical Engineering. Two to Five years experience in proc- 
ess control instrumentation and/or application of pneumatic 


and electronic control equipment required. 


Give full and specific details of education, experience, de- 


sired salary, availability date and references. 


All inquiries will be considered promptly and held confi- 


\ eee” 


Esso Standard Oil Company 
Esso Research and Engineering Company 


Employee Relations 


Linden, N. J. 
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NEW LITERATURE 





Balances and Weights. New 24 
page Bulletin 15D describes maker’: 
analytical, laboratory, triple beam 
heavy duty, industrial, and sprin; 
balances and weights for laborator 
and industry.— Central Scientific Co 
1700 Irving Park Rd., Chicago, Il. 


Circle 489 on inquiry card. 


Refractometer. New 8-page Bro 
chure 25C presents maker’s continu 
ous-measurement differential refrac 
tometer.—Barnes Engineering Co 
Stamford, Conn. 

Circle 490 on inquiry card. 


pH Measurement. New 4-page Bu! 
letin 911 describes maker’s researc 
model pH meter with sensitivity o 
0.005 pH.—New 8-page Bulletin 91 
describes maker’s line of pH elec 
trodes, including a selection chart.— 
Cambridge Instrument Co., Inc., 373 
oT Central Terminal, New Yor! 

; a 

Circle 491 on inquiry card. 

Chromatography. New 4-page Bu! 
letin 15-18 presents equipment fo 
paperelectrophoresis available fror 
distribution and new 2-page Bulle 
tin 19-20 presents “Eliphorecorder’ 
an automatic scanner and integrato 
for paperelectropherograms.—New 2 
page Bulletin 23/24 describes th 
“Chromatopart”, an automatic frac 
tion collector with photoelectric con 
trol—C. A. Brinkmann & Co., 37 
oe Neck Rd., Great Neck, L. I. 


Circle 492 on inquiry card. 


Analytical Balances. New 4-page 
Bulletin 3-6 describes Sartorius ana 
lytical projection balances available 
from distributor. New 2-page Bulle 
tin A.S.T. 3000 describes speed ba! 
ance for determination of specifi 
gravity of solids—New 2-page Bulle- 
tin 15/16 presents a balance table for 
elimination of vibration and shocks.—~ 
C. A. Brinkmann & Co., 378 Greai 
Neck Rd., Great Neck, L. I., N. Y. 


Circle 493 on inquiry card. 


Laboratory Equipment. New 4-page 
bulletin presents maker’s drapemeter, 
cutter grinder, microtome, polishiny 
machine, laboratory lights, engravers, 
coaxial wavemeters, ete——Mico In- 
strument Co., 80 Trowbridge St, 
Cambridge 38, Mass. 

Circle 494 on inquiry card. 


Analytical Instruments. New 2 
page Bulletin 11/12 presents a “Cou! 
ometer” for volumetric analysis by 
electrolysis. Available from distribu 
tor.—New 2-page Bulletin 9/10 dé 
scribes research pH meters—New 1- 
page Bulletin 30 describes line-oper- 
ated “Polarecord’” for recording cur- 
rent and voltages in polarography 
and amperometric titrations.—New !- 
page Bulletin 25 describes electrically - 
heated sample vacuum-drying app2- 
ratus.—C. A. Brinkmann & Co., 37 
Great Neck Rd., Great Neck, L. |, 


N. 
Circle 495 on inquiry card. 


Gas Analyzers. New 4-page Dat 
Sheet 10.15-8a describes Davis’ the:- 
mal-conductivity-type gas analyzers 
with Brown ElectroniK recorders an: 
controllers. — Minneapolis-Honeywe | 
re “onl Co., Industrial Div., Philz. 
44, Pa. 


Circle 496 on inquiry card. 


AAtstrhs y 





Laboratory Burners. New 16-page 
Bulletin 20 presents laboratory burn- 
ers and attachments.—Central Scien- 
tific Co., 1700 Irving Park Road, Chi- 
cago, Ill 

Circle 497 on inquiry card. 


Laboratory Stirrer, Flash Tester. 
New 2-page Bulletin 738 describes 
1aker’s “Slo-Speed” stirrer for use 
in flash point tests and laboratory ap- 
ications; 2-page Bulletin 737 pre- 
sents “Pensky-Martens” flash point 
ster.—Precision Scientific Co., 3737 

. Cortland St., Chicago 47, Ill. 


Circle 498 on inquiry card. 


Recoding Spectrophotometer. New 
page Bulletin GEC-307B presents 
naker’s recording spectrophotometer. 
cludes extensive bibliography on 
;, ectrophotometry..—General Elec- 
ce Co., Schenectady 5, N. Y. 
Circle 499 on inquiry card. 


Automatic Distillation. New 8-page 
2 lletin 730 describes maker’s appa- 
‘.tus for automatic distillation be- 
wveen 90 and 700°F with automatic 
cording of temperature, volume and 
ine.—Precision Scientific Co., 3737 
. Cortland St., Chicago 47, IIl. 


Circle 500 on inquiry card. 


Hydrogen and Carbon Analyzer. 
ew 8-page brochure describes 
iker’s instrument utilizing a_ hi- 
:}equency combustion furnace for de- 
rmination of hydrogen and carbon in 
anium, zirconium. iron and steel.— 
itional Spectrographic Labs., Inc., 
300 Euclid Ave., Cleveland 3, Ohio. 


Circle 501 on inquiry card. 


tips 


FP ot 
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Electron Microscope. New 24-page 

illetin SH 3674 (in German) pre- 
sents thorough discussion of the prin- 
‘iples of electron microscopy, and 

plications of electron microscope.— 
emens & Halske, Siemens New 
‘ork = 350 Fifth Ave., New York 
; Ne 


Circle 502 on inquiry card. 


Infrared Analyzer. Two new 2-page 
Specification Sheets 450 and 475 de- 
scribe Liston-Becker’s “Models 21 and 
15A” infrared analyzers.—Beckman 
Instruments, Inc., Fullerton, Calif. 

Circle 503 on inquiry card. 


AT SWITCHES, 
RELAYS 

Relays. New 4-page Bulletin R-29 
gives description, price and applica- 
tions of maker’s “Amrecon” relays.— 
Ohmite Mfg. Co., 3601 Howard St., 
Skokie, III. 

Circle 504 on inquiry card. 


switches. New 4-page issue of Mi- 
ero Tips” (Vol. 1,.No. 20) presents 
ap»lications of maker’s snap-action 
sw tches.—Micro Switch Div., Minne- 
ap lis-Honeywell Regulator Co., Free- 
port, Ill. 

Circle 505 on inquiry card. 


telays. New 24-page Catalog 1956- 
C7 tabulates characteristics and prices 
of distributor’s stock relays including 
A‘ approved series, telephone, key- 
ins, midget, hermetically sealed, sen- 
Sit've types, ete.—Relays Sales, Inc., 
Bcx 186, West Chicago, Ill. 

Circle 506 on inquiry card. 














INSTROF 


Continuous Support 
and Protection 
for 
Instrument Tubing 


Tubing may readily be run to individual instru- 
ments or panels as needed. 

Delicate instruments quickly become useless without adequate tubing support. 
Instrof provides a flexible, simple-to-install system for maximum efficiency and 
dependability at minimum cost. Famous Pin-Type Coupling available for wide 
range of standard fittings and runs. 

Instrof is a system of Prefabricated Expanded Metal Trough specifically designed 
for rigid, continuous support and protection of instrument tubing. All parts are 
hot-dip galvanized for long life. Widths of 3’, 6'’, 9’’, 12'', 18"', and 24”, 
lengths of 8’, 10’, and 12’, and a complete line of fittings allow the Instrof 
system to meet the demands of virtually any plant layout. 

Exclusive Pin-Type Coupling speeds installation and reduces labor costs. Just 
two coupler pins and a bottom plate are needed to complete a connection. 


INSTROF corp. 


DIVISION T. J. COPE, INC. nee 
COLLEGEVILLE 21, PENNA. Sst Anse 


For more information cir rele a7" on inquiry card. 
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save operating funds 
SSF LPS 
avoid ‘supply headaches 











use Technical’ s RECORDING CHARTS 


Here’s a money-saving, time-saving service for you and your 
purchasing people! At one time . . . and on one order . 

you can now order any of 8000 different standard recording 
instrument charts. It’s not only a remarkable convenience but 
it brings you the finest products of a specialized chartmaker 
whose only business is producing accurate charts of the high- 
est quality. Many of America’s leading large and small “Blue 
Chip” firms use Technical’s unusual service. Send for Catalog 


56 outlining Technical’s complete services. 
4 é(H NI Che CHARTS INCORPORATED 


BUFFALO 10, NEW YORK 
Nationally Represented by TECHNICAL SALES CORPORATION 
16599 Meyers Road, Detroit 35, Michigan 
Standard Charts @ Special Charts @ Computer Plotting & Printing Paper 
For more information circle 148 on inquiry card. 
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Foremost Industries 
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WSO ANE 
Grdustiia 


Protection Tubes Help 
Produce Controlled Atmosphere 


at 3,000° F. In Research Electric Furnace 
Sintering, brazing and other heat-treating experiments are conducted 
in this laboratory furnace applied to research. It uses a McDanel Zirco 
Protection Tube, open at both ends. Sample heats and cools in gas- 
tight tube, permitting use of many special atmospheres. McDanel Pro- 
tection Tubes have high resistance to thermal shock—low coefficient 
of expansion. Special sizes! Write now! Send for Bulletin P1-55. 


MISDVANTelL 






= MS DANE 


Furnace below equipped with 
McDanel Zirco Tube, 46” long, 
WA,” 1.01%” O.D. Operates a 

temperatures from 1,650 to 3,000° F. 
Name of manufacturer on aed. 

























REFRACTORY PORCELAIN COMPANY 
BEAVER FALLS, PENNA. 





For more information circle 149 on inquiry card. 








NEW LITERATURE 





Contactors. New set of bulletins 
(159R1, 48R1, 509R1 and 1025 to 
1045) cover maker’s contactor com- 
binations including multipole, and spe- 
cial arrangements and materials, a-c 
and d-c pole arrangements, etc.; mag- 
netically held contactors in capacities 
from 30 to 300 amp for both ac and de; 
and magnetically held feeder control 
switches, 200 to 1,000 amps.—Auto- 
matic Switch Co., 391 Lakeside Ave., 
Orange, N. J. 

Circle 507 on inquiry card. 


Relays. New 6-page illustrated Bul- 
letin B32A3F presents specifications 
on maker’s sensitive relays.—Mil- 
waukee Gas Specialty Co’, Milwau- 
kee 1, Wisc. 

Circle 508 on inquiry card. 


Relay Specification. New 12-page 
article reprint covers factors affect- 
ing selection of electrical relays.— 
American Machinery & Foundry Co., 
261 Madison Ave., New York 16, N.Y. 

Circle 509 on inquiry card. 


Solenoids. New 6-page Bulletin 200 
presents maker’s a-c and d-c solid 
frame solenoids and a-c laminated 
solenoids for continuous and intermit- 
tent duty.—Comar Electric Co., 3349 
W. Addison St., Chicago 18, IIl. 


Circle 510 on inquiry card. 


Thermal Timing Relays. New 4- 
page Bulletin 130 presents specs for 
maker’s thermal timing relays with 
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time delays of two seconds to three 
minutes.—G-V Controls Inc., Holly- 
wood Plaza, E. Orange, N. J 

Circle 511 on inquiry card. 


Switches. New 12-page Catalog C 
presents maker’s line of switches— 
toggle, slide, rotary, etc.—Carling 
Electric, Inc., 505 New Park Ave., 
W. Hartford 10, Conn. 


Circle §12 on inquiry card. 


Rotary Solenoids. New 6-page bul- 
letin presents line of ac rotary sole- 
noids.—Leetronics, Div., Lee Spring 
Co., Ine., 30 Main St., Brooklyn, N. Y. 


Circle §13 on inquiry card. 


Contactors. New 16-page Bulletin 
(includes Bulletins 1025-1045) pre- 
sents data on maker’s ac or de mag- 
netically held contactors. Includes 
two 2-page price _ lists.——Automatic 
Switch Co., 391 Lakeside Ave., 
Orange, N. J 

Circle 514 on inquiry card. 


Switches. New 16-page booklet “Mi- 
cro Tips Digest” presents 43 applica- 
tions of snap-action switches.—Micro 
Switch Div., Minneapolis-Honeywell 
Regulator Co., Freeport, Ill. 


Circle 515 on inquiry card. 


Selector Switch. New 4-page Bulle- 
tin presents maker’s 8 and 10- -position 
miniature selector switch for high- 
speed operation.—Electro Tec Corp., 
S. Hackensack, N. J 


Circle 516 on inquiry card. 


Limit Switches. New 4-page Bulle- 
tin 356 describes maker’s limit switch- 
es that provide nineteen contact ar- 





rangements in seven models.—R. B. 
Denison Mfg. Co., 102 St. Clair Ave., 
N.W., Cleveland 13, Ohio. 


Circle 517 on inquiry card. 


Rotary Switch. New 2-page Daa 
Sheet 203 presents maker’s 12-posi- 
tion, subminiature rotary switch wi 
over-all o.d. of 1.160” including con 
tacts.—International Instruments In.., 
P. O. Box 2954, New Haven 15, Con... 
Circle 518 on inquiry card. 


a 


Switches. New 12-pazge Catalog 
describes maker’s line of push, slic», 
toggle and rotary switches.—Carli: g 
Electric, Inc., 505 New Park Ave., \". 
Hartford 10, Conn. 

Circle 519 on inquiry card. 


iS 


Relays. Two new 2-page Bulleti 
describe maker’s general-purpose 1 
lays: a 5-amp subminiature type th 
withstands 50 G shock along three m 
jor axes, and a 2-amp micro-min’ - 
ture relay.—Brubaker Electroni ;, 
ante 3652 Eastham Drive, Culver Ci’ ;, 

alif. 


(rin 


Circle 520 on inquiry card. 


Switches. New 4-page Data She : 
#3 presents maker’s subminiati 
pushbutton and toggle switches.—M |- 
li-Switch Corp., 1742 Berkeley ¢..,, 
Santa Monica, Calif. 

Circle 521 on inquiry card. 


@ et 


ELECTRICA.., 
INSTRUMENTS 

Current Transformers. New 2-pa:e 
Bulletin GEC-1379 describes make,’s 
600 volt indoor instrument trans- 
former for switchboard and switch- 
gear applications.—General Electric 


Co., Schenectady 5, N.Y. 
Circie 522 on inquiry card. 


Electronic Instruments. New 255- 
page Catalog O presents maker's 
large line of electronic parts and ap- 
paratus—amplifiers, bridges, oscillo- 
scopes, generators, variacs, etc. Make 
requests direct on company letterhead. 
—General Radio Co., 275 Mass. Ave., 
Cambridge 39, Mass. 

Circle 523 on inquiry card. 


Meter Relays. New 2-page flyer ‘e- 
scribes maker’s Model 85 3” ac or de 
meter relay for alarm, control and 
limit setting applications; also Model 
185 2” de type.—Simpson Electric C»., 
5200 W. Kinzie St., Chicago 44, IIl. 

Circle 524 on inquiry card. 


CR Oscillographs, ITV Camer:s. 
New 4-page bulletin presents make:’s 
21 new instruments, including make:’s 
cathode-ray oscillographs, tubes, I"'V 
cameras, and intercom equipment.— 
Allen B. Du Mont Laboratories, Ir:., 
760 Bloomfield Ave., Clifton, N. J. 
Circle 525 on inquiry card. 


Volt-ohm-milliammeters. New 5- 
page Bulletin 2056 describes make ’s 
line of test instruments including ac 
and de volt-ohmmeters.—Simps on 
Electric Co., 5200 W. Kinzie St., C :i- 
cago 44, Ill. 

Circle 526 on inquiry card. 


Digital Voltmeters, Ohmmete’s. 
Three new 4-page bulletins present 
maker’s digital voltmeters and oh n- 
meters: Form 6752 describes and ill..s- 
trates maker’s a-c d-c digital vouit- 
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meter; Form 6801 presents fully au- 
tomatic d-c voltmeter with continuous 
automatic calibration; and Form 6581 
presents digital ohmmeters with in- 
line digital readout.—Electro Instru- 
ments, Inc., 3794 Rosecrans St., San 
Diego 10, Calif. 


Circle 527 on inquiry card. 


Cable Tester. New 4-page bulletin 
presents maker’s de high-potential test 
and eable-fault locating set.—Peschel 
Electronics, Inc., 13 Garden St., New 
Rochelle, N. Y. 

Circle 528 on inquiry card. 

Noise Filter. New 2-page Bulletin 
§-317 describes maker’s “magneFIL- 
TER” a seismic time domain filter 
system for linear or non-linear filter- 
ine of noise from broadband energy. 
—Houston Technical Labs., 2424 Bra- 
navd, Houston 6, Texas. 

Circle 529 on inquiry card. 


Digital Voltmeter. New 4-page Bul- 
le‘in 104-1 presents maker’s “Tele- 
ducer” for push button automatic dig- 
its! voltage measurement of up to 100 
data channels with printed decimal 
re idout.—Telecomputing Corp., Bur- 
dé ik, Calif. 7 


ircle 530 on inquiry card. 


Hlectronic Relay. New 2-page Data 
S! eet describes maker’s electronic re- 
lay with four-way switch that enables 
fa l-safe operation of alarm and tem- 
pevature-control systems.—Arthur S. 
LaPine & Co., 6001 S. Knox Ave., Chi- 
eazo 29, Ill. 

Circle 531 on inquiry card. 


VVLF Field Intensity. New 4-page 
Bulletin describes maker’s new VVLF 
(30 eps to 15 ke) tunable, radio inter- 
ference and field intensity measuring 
equipment.—Stoddart Aircraft Radio 
Co., Ince., 6644 Santa Monica Blvd., 
Hollywood 38, Calif. 


Circle 532 on inquiry card. 


Microwave Equipment. New 16- 
page Bulletin PC-6527 presents mak- 
er’s microwave communications equip- 
ment, installations, and specifications 
of new “CLR-7” relay.—Philco Corp., 
Government & Industrial Div., 4700 
Wissachickon Ave., Phila. 44, Pa. 


Circle 533 on inquiry card. 


Volt-ammeters. New 4-page bro- 
chure presents maker’s “Model A” 
portable d-c volt-ammeter with 40 
ranges.—Sen Dur Mfg. Co., 3225 N. 
Sheffield Ave., Chicago, III. 


Circie 534 on inquiry card. 


Signal Converter. New 2-page bul- 
letin presents data on maker’s “Model 
108” 3-channel instrument signal con- 
verter for measurement of aircraft 
and laboratory physical parameters.— 
Dynalysis Development Laboratories, 
Inc., 11941 Wilshire Blvd., Los An- 
geles 25, Calif. 


Circle 535 on inquiry card. 


Microwave Test Equipment. New 
28 page Catalog describes maker’s 
line of microwave test equipment, co- 
ax al and uhf equipment, bolometers, 
th rmistors, fixed and variable atten- 
ua ors, tees, ete-—The Narda Corp., 
16 Herricks Rd., Mineola, L.I., N.Y. 


Circle 536 on inquiry card. 


‘elesyne Signal Generator. New 2- 
ze Bulletin presents maker’s “Tele- 

yic” that supplies syne signals to 
rate a camera chain or slide equip- 
nt.—Nems Clarke, Inc., 919 Jesup- 
ur Drive, Silver Spring, Md. 


Circle 537 on inquiry card. 














Helicoid Gages 


rox a aS 
enduring accuracy : 
is built in! Why ELEN Gages 


® Sustained accuracy of HELICOID Gages last longer! 
through years of hard service comes Socket (1) is one-piece drop 
from superior design and construction. forging, streamlined to reduce 
The HELICOID Gage has many unique possibility of clogging. 
and exclusive features. It is not only a Bourdon tube* (3) is alloy steel, 
pressure instrument of the utmost pre- steiniees sinel or K Monel. 
cision but one that requires but a mini- 
mum of maintenance throughout a long 
service life. 
The smooth rotation of the spiral sien iteldcancaitiai att 
movement and cam outlasts and out- vacheu veahiaat 
performs other gage types. There are + Cinaitien meen nbede 
no gear teeth to wear out. wcaitahie 
HELICOID Gages are available to meet 
every type of pressure indicating re- 
quirement. Ranges are from 15 to 20,000 
p.s.i. and vacuum or compound. 


Tube is welded to forged socket 
(2) and tip (4). 


Connecting link and link screws 
(5) are K Monel. 


Write for catalog today 





Helicoid Gage Division 


AMERICAN CHAIN & CABLE 


929-B Connecticut Avenue + Bridgeport 2, Connecticut 





For more information circle 151 on inquiry card. 
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MANOMETERS 


Every Size-for Every Service 


U-Type Manometers 


@ Single Cleanout 

® Single Gland-Packed 
®@ Double Cleanout 

® Double Gland-Packed 
® High Pressure 


Well-Type Manometers 


® Low Well 
® Raised Well 
® Barometric Reading 


Multi-Tube Manometers 


® Multi-Well 
@ Common-Well 
© Special-Purpose 


FREE LITERATURE gives sizes, construction 
and prices. Write today! And ask for in- 
formative 12-page Manual on Manometers. 
KING ENGINEERING PRODUCTS include King- 
Gages — Pressure Transmitters — Sight Feed Bub- 


ates <= Qveneny Check Valves — Air Flow 
“ Snubbers — Moisture Indicators 


PRAT} KING ENGINEERING CORP. 
7 Box 70 e Ann Arbor, Mich. 


REPRESENTATIVES IN PRINCIPAL CITIES 


For more intormation circle 103 on inquiry card. 





Mechanical 
Measurements by 
Electrical Methods 


By HOWARD C. ROBERTS 


Special Research Associate Professor of 


Civil Engineering, University of Illinois 
(for many years in Research Lab., 
A.R.A.) 


Typical of the comments received while 
this book ran as a seria? in Instru- 
ments. 

. I appreciate the thorough- 
ness with which the subject is 
being treated.” “We are sure 
that your articles will be widely 
read, for it is a subject certainly 
in need of the correlation you 
are giving it.” 


Cloth, 5x8% inches, x+357 pages 
Profusely Illustrated 


$2.00 postpaid 


Payment must accompany order 


The Instruments Publishing Co. 


845 Ridge Ave., Pittsburgh 12, Pa. 
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NEW LITERATURE 


VHF-UHF Signal Generator. New 
6-page Bulletin presents maker’s di- 
rect reading signal generator and ac- 
cessories for testing and aligning vhf- 
uhf communication receivers.—New 
2-page Bulletin describes maker’s lin- 
ear amplifier with self-contained pow- 
er supply for ham operations.—Tran- 
sitron, Inc., 186 Granite St., Man- 
chester, WN. #1. 

Circle 538 on inquiry card. 





Spectrum and Waveform Analysis. 
New 4-page Catalog Digest presents 
maker’s equipment for high-speed 
spectrum and waveform analysis, with 
visual display—Panoramic Radio 
Products, Ine., 9 S. Second Ave., 
Mount Vernon, N. Y 

Circle 539 on inquiry card. 


Electronic Instruments. New 4-page 
Short Form Catalog B presents mak- 
er’s power supplies, power amplifier, 
variable electronic filters and wide 
range RC oscillators.—Krohn-Hite In- 
strument Co., 580 Massachusetts Ave., 
Cambridge 39, Mass. 

Circle 540 on inquiry card. 


Sweep Generator. New 2-page Leaf- 
let presents maker’s “Sweep-Sync” 
automatic sweep generator that pro- 
vides stable oscilloscope displays au- 
tomatically in the frequency range of 
5 to 100,000 cps.—Chadwick-Helmuth 
ne 472 E. Duarte Rd., Monrovia, 
Calif. 


Circle 541 on inquiry card. 


ELECTRONIC 
COMPONENTS 


Condenser Microphones. New 16- 
page “Bruel & Kjaer Technical Re- 
view” (No. 3, July ’55) is illustrated 
article on non-linearity of condenser 
microphones.—Brush Electronics Co., 
3405 Perkins Ave., Cleveland 14, Ohio. 


Circie 542 on inquiry card. 


Radar Tubes. New 2-page Leaflet 
presents specs for maker’s miniatur- 
ized high-resolution, cathode-ray tubes 
for airborne and portable radar re- 
ceivers.—Industrial Tube Sales Dept., 

Allen B. Du Mont Labs., Inc., 2 Main 
Ave., Passaic, N. J. 

Circle 543 on inquiry card. 


Capacitors. New 18-page “Capaci- 
tor Digest” GED-2978 stresses cost 
savings available from engineered ap- 
plication of industrial capacitors.— 
— Electric Co., Schenectady 5, 


Circle 544 on inquiry card. 


Connectors. New 2-page Bulletin 
26A presents maker’s miniature pre- 
cision Continental Connectors includ- 
ing hoods and special designs.—DeJur- 
Amsco Corp., Electronic Sales Div., 
45-01 Northern Blvd., Long Island 
City 1 INo xy. 

Circle 545 on inquiry card. 


CR Tube. New 4-page Bulletin de- 
scribes maker’s “Type 7ACP19” three- 
beam cathode ray tube.—T. R. Lowen- 
thal Co., 7526 Sheridan Rd., Chicago 
26, Ill. 

Circle 546 on inquiry card. 


Transistors. New 8-page “Applica- 
tion Note” AN-165 describes use of 
maker’s “2N109” p-n-p junction tran- 
sistor in class B operation in output 
stage of low-power audio amplifiers, 


—Semiconductor Div., Radio Corp. of 
America, Harrison, N.J. 
Circle 547 on inquiry card. 


Tubes. New 8-page “Application 
Note” AN-164 describes method for 
determining approximate characteris- 
tics of an electron tube when all elee- 
trode voltages are changed in same 
proportion from published or meas- 
ured values.—Tube Div., Radio Corp. 
of America, Harrison, N. J. 

Circle 548 on inquiry card. 


Transformers. New 32-page Gener.l 
Catalog TR-56 illustrates and lis’s 
maker’s miniature, low-level, geophys- 
ical, etc. transformers. Also covers TV 
components and amplifier kits.—Triad 
Transformer Corp., 4055 Redwood 
Ave., Venice, Calif. 


Circle 549 on inquiry card. 


B-B Transformers. New 12-pa; 
Bulletin GED-2506A presents qui 
information on bucking or boosti1 
voltage, connection diagrams, kva ra 
ings, and other features for selecti: 
of maker’s dry-type _ boost-or-bu 
transformers and autotransformers. 
General Electric Co., Schenectady 
ey. 


aN. 


iAs ') Ryo 


Circle 550 on inquiry card. 


Plug-in Circuits. New 4-page bull> 
tin presents maker’s “Encapsor” plu; 
in electronic circuits—amplifiers 
gates, mixers, etc.—hermetically em 
bedded in thermosetting plastic.—A| 
cor Electronics Corp., 180 Lafayet 
St., New York 13, N. Y. 

Circle 551 on inquiry card. 


> 


Microwave Components. New 22- 
page loose leaf Catalog presents a 
wide range of standard and custom- 
engineered microwave components and 
complex mechanical assemblies.—J-\- 
M Engineering Co., Dept. IXP, 8846 
W. 47 St., Brookfield, Ill. 


Circle §52 on inquiry card. 


Ballasts. New 12-page Bulletin 
GEC-983H (revised March ’56) pre- 
sents specifications wiring diagrams 
and prices of maker’s ballasts for fluo- 
rescent lamps.—General Electric Co., 
Schenectady 5, N. Y. 


Circie 553 on inquiry card. 


Pulse Transformers. New 2-page 
Bulletin describes maker’s blocking 
oscillator pulse transformers designed 
to produce a variety of pulse widths 
from 0.2 to 10 usec.—Brubaker Elec- 
tronics, Inc., 3652 Eastham Drive, 
Culver City, Calif. 

Circle 554 on inquiry card. 


Tube Selection Chart. New 2-page 
chart ETD-1163-A lists maker’s 600- 
milliampere series-string receiving 
type tubes, all of controlled heater 
warm-up design. 48 tube types are 
classified according to elements; av- 
erage characteristics are given; aid 
typical service, heater voltages, max- 
imum plate and screen dissipation 
ratings are listed—General Electric 
Co., Tube Dept., Schenectady 5, N. Y 

Circle 555 on inquiry card. 


Fuses. New 20-page Catalog 56 «e- 
scribes maker’s non-indicating 21d 
indicating fuses and aircraft limite’s. 
—Sightmaster “? 111 Cedar ‘t 


New Rochelle, N 
Circle 556 on inquiry card. 


Photocell. New 6-page bulletin p:e- 
sents characteristics of CL-2 cadmii m 
Continued on page 1432 





BEFORE THIS JET CAN FLY oa 


ete 


ITS INTRICATE FUEL SYSTEM 
MUST “FLOW” 


AND THAT MEANS 


Multiple. Stage Typo. 12 





Ever stop to wonder why Cox Multiple Stage Type 12 Flowmeters are so 
widely used by the U. S. Airforce and U. S. Navy? 


The answer is that both these services must know exactly how much 
fuel a plane’s fuel pumps and fuel nozzles can handle in a given 
amount of time—in order to determine the operating reliability of its 





intricate fuel system. In jets, particularly, accurate flow rate testing is 
essential, since the fuel system must be capable of pumping and carry- 
ing tremendous amounts of fuel each minute the plane is in the air. 


*. 
°. 


Experience has shown America’s major users of precision flowmeters 
that the Cox Type 12 can always be depended upon for first-rate per- 
formance. Its record of service is unmatched in providing accurate, i 
dependable testing of jet nozzles, fuel pumps, carburetors, and other Biri. ge : 
items forming the vital “flow systems” of jet and reciprocating engines. TYPE 12 - 90 SERIES 
The Cox Multiple Stage Type 12 is available in three series—the 40, the 90, and the 
100. All possess remarkable accuracy, repeatability and quick response. Maximum 
capacity of the 40 Series and the 90 Series is 36,000 pounds per hour. The 100 Series 
provides a maximum flow capacity of 32,500 pounds per hour. Use of a bypass 
orifice greatly increases the flow capacity of each instrument without increasing 
its frontal area. 


Readings to the nearest graduation on individually graduated logarithmic type 
scales are normally within /2% to 1% of the indicated flow, depending on the partic- 
ular series. Flowmeters are calibrated for a specific fluid and scales for metering 
liquids of different characteristics can be easily interchanged. 


Patented “Inner Wall” guides, integral with the metering tube, assure a true flow 
pattern by keeping the float centered in. the tube at all times. 








COX FLOWMETERS - THE STANDARD OF INDUSTRY 


AUTOMOTIVE AIRCRAFT wos. 
' AND AND ARMY 
oi —— RELATED RELATED NAVY ce 
TYPE 12 - 100 SERIES MANUFACTURERS MANUFACTURERS 


ommercial «esearch .aboratories, Inc. 
20 BARTLETT AVENUE ° DETROIT 3, MICHIGAN 


MAKERS OF {GOK NST UMENTS | SINCE 1912: CARBURETOR FLOW STANDS * ENGINE INDICATORS * FLOWMETER CALIBRATING STANDS 


FLEL NOZZLE TEST STANDS * MAGNETIC THICKNESS GAGES * VIBRATION RECORDING EQUIPMENT * BALANCED ELECTRONIC EQUIPMENT FOR 
PRESSURE AND VIBRATIONS 
For more information circle 152 on inquiry card. 
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Att bon — Evhibitors au: 


Instrument-Automation Exhibit and 
International Automation Exposition 


SHIP YOUR DISPLAY UNCRATED... 
via NORTH AMERICAN PADDED VAN! 


DOOR-TO-DOOR DELIVERY 
»»»NO LOCAL DRAYAGE... 
SAVES TIME AND MONEY! 





Ifere’s the modern way to end your display- 
shipping headaches! Forget crating, local 
drayage, transportation worries. Before you 
ship that display, call your North American 
Van Lines agent for details of our specialized 
exhibit display service. 

NAVL door-to-door, uncrated transit and 
storage handling will save you worry, time 
and overall expense. Look for the North 
American trademark under “Movers” in the 
yellow pages of your telephone directory. 


AMERICA’S SAFEST* MOVERS 
* Winners, A.T. A. National Safety Award for 


FREE! Helpful Booklet on \ — . ; Household Goods Carriers traveling 500,000 


miles annually. NAVL vans travel 


DISPLAY MO VING! |- over 35 million miles per year. 


Get THE Facts on NAVL Uncrated 
Display Moving Service. Write today 
for this practical, illustrated FREE 
brochure. Address Dept. IAA. 


North American Van Lines, Inc. 
WORLD HEADQUARTERS: FORT WAYNE 1, INDIANA 


North American Van Lines Canada, Ltd. - Toronto 


For more information circle 153 on inquiry card. 
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NEW LITERATURE 


es 
SEA R C H L TE SECT t N sulphide photoconductive cells. 2- : F 
page bulletin presents tentative char- 


acteristics on CL-3, a cadmium sele- 
nide photoconductive cell.—Clairex 7 


CLASSIFIED ADVERTISING ce ee ee el 
EMPLOYMENT & BUSINESS OPPORTUNITIES : ‘ Circle 557 on inquiry card. Pp 






















































> , eaneven ; -f 
The advertising rate is $16.50 per inch for all Searchlite Section advertising (An advertising ae ee eee | si: 
inch is measured 1'/g inches vertically by 2!/, inches wide). cadmium-sufide type photoconduct ve p! 
Send advertisements to INSTRUMENTS & AUTOMATION, 845 Ridge Ave., Pittsburgh 12, Pa. cell with high sensitivity, low derk a 
Address box replies to Instruments Publishing Co., 845 Ridge Ave., Pittsburgh 12, Pa. a 7. t. . N. 





America, Harrison, N. J. 


CAN Ss F @] R ‘ Circle 558 on inquiry card. 


Wis i 

A < INSTR RUMENT PACKAGING Waveguides. New 12-page Catalog 

( PTIC Ss semen C-356 describes makers line of E and 

SEZ, H plane bends and hybrid junctiois. : 
Sf7 ,. —Microwave Development Lals., | sie 





Give us a Tough One! Inc., 92 Broad St., Babson Park, W:=!- 
© Optics for Electromechanical Devices lesley 57, Mass. ae 5 to 
° Glass-Quartz-Pyrex-Ceramics Circle 559 on inquiry card. WwW: 
* Fine Reticle Engraving on Gless 

(Scales-Cross Lines-Calibrations) 


Round or Rectangular Cans, Tear-strip, 
Slip Cover, Screw Top Types—Govern- 
ment or Commercial Specifications—Wide variety i 
of sizes. Also Cans Engineered to Order. par 


GEORGE D. ELLIS & SONS, INC. B 86Wo 
4034.N. American St.—Phila. 40, Pa.—BAldwin 3-3405 RESISTORS, M.! 




















* Mefal Lapping, Mirrors, Lens Coating 5 
* Losimol-Instrument Oils, Greases 
Send for otRtenel date P For more information circle 158 on inquiry card. POTENTIOMETERS 
Quotations Promptty Service Resistors, Capacitors. New 8” x /1” 
INTERNATIONAL OPTICAL CO, Inc. Practical Physicists or Electrical Engineers Plastic Chart lists color code of m: k- 
to sell and service electronic, non-destruc- er’s %4-, 1-, and 2-watt, fixed-compo 1- 
45 Urban Ave Westbury, L. I., N.Y. tive metal testing instruments in North- tion resistors in 269 RETMA valu:s, 
EDgewood 3-2232 eastern Section of the United States. Small and fixed-composition capacitors ior 
; ‘ ie company, established over 25 years, located low-capacity requirements in 46 RE [- 
For more information circle 154 on inquiry card. in New York City, and not engaged in MA values.—Stackpole Carbon Co., 3t. 
. government contract work. Our employees Marys, Pa. 
are informed of this opening. Reply fully. Circle 560 on inquiry card. ¥ 
Box 328. s€ 


Potentiometers, Pressure Switches. 
New 4-page bulletin presents maker's 
REPRESENTATIVES WANTED line of potentiometers, stepping posi- pr 
Qualified technical men to sell metering, tioner, pressure switches, and pres- q 















: control and transmission systems and com- : . . ‘ 
Inductive & Non-Inductive ponents to Sagaimainad, aieuaen, water- sure transmitter for industrial and ° 
Rheostats & Resistors works, general industrial fields, consulting aircraft control, and computer Sys- lii 
indi _— quamenes, ~—s en Rapidly ap tems.—Electromechanical Div., G. M. 
irm otters 1pera commission, exclusive 7 ini 
Toroidal Coil Winding Mach. scented Wika sue Meee ek ee Giannini & Co., Inc., Caldwell Town- 
SW LE tory wanted to H. Katherman, SPARTON ship, N. J. o 
CONTROL SYSTEMS DIV., The Sparks- Circle 561 on inquiry card. ’ 


\\ Withington Co., Jackson, Mich. 
PALA\\\SSyT i} Winding Machines Wirewound Resistors. New 4-page 

ll finn T CO. Bulletin B-5 tabulates specs on insu- é 
a 4 RH 1EOSTA lated wirewound resistors including i 

LOWIN, SO. a a sae ee balanced or matched pairs for close 


For more acer circle 155 on inquiry card. advertising experience not necessary but tolerance requirements.—Internation- : 
al Resistance Co., 401 N. Broad St., es 

























helpful. Must have at least two or three E { 
V/A YA years of college with courses in engi- Philadelphia 8, Pa. i 
ae ' " neering and technical subjects and like Circle 562 on inquiry card. a 
MERCURY RELAYS j { to — If you have the nina rome 4 
Specified By ; we Se a See See ee Pee Resistance Wire. New 2-page Bulie- € 
Particular Engineers ge Mon selested wil be tesinel is ofl tin tabulates data on maker’s new 
: phases of industrial advertising. In your 0.0005” di led “K iia 
hermetically sealed ¢ : letter of application state age, educa- : la. enamele arma Ww re 
no exposed arc © one tion, positions held, and give statement rated at 3200 ohms per ft.—Driver- ’ 
moving part ¢ silent « of why you want a career in advertis- Harris Co., Harrison, N. J. j t | : 
compact ¢ motor loads ing. Location: well-known Connecticut Circle 563 on inquiry card. 





to 2 hp., current loads 
to 35 amp e« safeguards 
your application. 


MACK ELECTRIC DEVICES, INC. 


31 Glenside Ave., Wyncote, Pa. POWEF 


For more information circle 156 on inquiry card. SALES AND SERVICE ENGINEERS J SUPPLIES 
WANTED 


Excellent copertuntties i anainems Power Supply. New 2-page ng in 
with well established Fast Coast Indus- —& 
trial Instrument Manufacturer now ex- M562 describes maker’ s 400- -cps, 1 2 

v, single phase power supply with dec 


panding branch office coverage. , 
Electrical, Mechanical, or Electronic output of 5 V at 1 amp. for str-in 






company. Box 317. 











































- Engineers preferred. gages end telemetering equipment in 
Contractors Openings for Sales Engineers in St. aircraft systems.—Perkin Enginesr- FF 
Louis, Los Angeles. ing Corp., 345 Kansas St., El Seguno, 4 
Automatic Control Engineering Openings for Service Engineers in Calif. q 
Los Angeles, and San Francisco. Circle 564 on inquiry card. 
CROISSY.SUR SEINE FRANCE ialfzation, "pension, insurance, and Power Supplies. New 4-page Bul W 
i B. pitalization, pension, insurance, an ower u les. ew are u: :@- 
NE vacation plans. Box 327. tin B356 acanaiie maker’s = pe voit- ¥ 














age regulated power supplies.—Kepco 





For more information circle 157 on inquiry card. 
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NEW LITERATURE 


Laboratories, 131-38 Sanford Ave., 
F'ushing 55, N. Y. 
Circle 565 on inquiry card. 





Power Supplies. New 2-page Bulle- 
tin 2-15-56 describes ac-operated dec 
power packs, miniaturized and potted 
jn transformer type housings.—New 
2-page Catalog 1-30-56 describes tran- 
si-torized, regulated, dc power sup- 
p! es for low and medium voltage ap- 
plications.—Electronic Research As- 
s:ciates, Inc., 67 E. Centre St., Nutley, 
N. J. 

Circle 566 on inquiry card. 


TUBING, 
FITTINGS 


‘ubing. New 12-page Catalog de- 
se ‘bes maker’s stainless steel, nickel 
ani nickel alloy tubing from 0.008” 
to 1.000” o. d. with 0.003” to 0.083” 
wel, and includes tubular fabricated 
parts —J. Bishop & Co. Platinum 
Works, Stainless Steel Prod. Div., 
M. !vern, Pa. s 

Circle 567 on inquiry card. 


Readers’ Inquiry Card 





For further 
cetails on 
p oducts reported 


int 
® Advertisements 
© New Instruments 
* Briefs 

© New Literature 


ci-cle the number 


corresponding to 
that which appears 
with the ad or 
write up 


Readers’ Inquiry Card 





‘When indicating change of 
iddress kindly note old address. 


Pace 1433 





Pneumatic Disconnect. New 2-page 
bulletin presents specs on maker’s 
straight-through, single-check, self- 
sealing pneumatic disconnect.—East- 
ern Aircraft Products Corp., 229 
River St., Orange, N. J. 

Circle 568 on inquiry card. 


Nickel Tubing. New 20-page Cata- 
log 12 describes maker’s nickel and 
nickel alloy tubing and tabulates me- 
chanical properties and chemical com- 
on ey of 13 analyses.—Superior 

ube Co., Norristown, Pa. 

Circle 569 on inquiry card. 


Plastic Tubing. New 8-page Bulle- 
tin 8E6-15 describes and illustrates 
applications of maker’s “Nylaflow” 
flexible pressure tubing..—The Poly- 
mer Corp. of Penna., Reading, Pa. 

Circle 570 on inquiry card. 


Nylon Fittings. New 2-page Bulle- 
tin tabulates maker’s new 2-piece ny- 
lon tubing fittings—Thomas Associ- 
ates, 4607 Alger St., Los Angeles 39, 


Calif, 


Circle 571 on inquiry card. 


This card good ONLY in U. S. and Canada—All others should write direct. 


Print—fill in COMPLETELY: 


MECHANICAL 
COMPONENTS 


Power Drive Couplings. New 4-page 
Bulletin MC-100 presents maker’s 
standard and special miniature cou- 

lings for power transmission,— 
homas Flexible Coupling Co., War- 
ren, Pa. 
Circle 572 on inquiry card. 


Variable-Speed Transmissions. New 
12-page catalog presents features and 
applications of maker’s variable-speed 
transmissions—Maureymatic Div., 
Maurey Mfg. Corp., 2915 S. Wabash 
Ave., Chicago 16, Ill. 

Circle 573 on inquiry card. 


Nameplates. New 4-page Bulletin 
illustrates and describes maker’s all- 
purpose aluminum nameplates for use 
on irregular surfaces and crinkle fin- 
ishes.—North Shore Nameplate Inc., 
214 Northern Blvd., Bayside, L.I., N.Y. 

Circle 574 on inquiry card. 


Rivets. New 16-page Price List 42 



























presents maker’s line of semi-tubular, 
full tubular and split rivets, bag studs 
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NEW LITERATURE 


and rivet caps; also single and multi- 
le automatic rivet setters.—Chicago 
ivet & Machine Co., 950 S. 25 Ave., 
Bellwood, Ill. 


Circle 575 on inquiry card. 


Machine Tool Clutches. New 4-page 
Bulletin ECP-656 describes app. ica- 
tions of maker’s “Electro Clutch” with 
min. shaft dia. of 0.0669” used where 
many output speeds are desired with 
a constant input speed.—I-T-E Circuit 
Breaker Co., Phila. 30, Pa. 

: Circle 576 on inquiry card. 





MATERIALS 


Beryllium Copper. New 4-page Bul- 
letins describe terminal and connector 
applications for beryllium copper al- 
loy. Bulletin 34 describes sleeve spring 
application; second bulletin presents 
maker’s “Berylco” 10 strip.—The Ber- 
yllium Corp., Reading, Pa. 

Circle 577 on inquiry card. 


Mica. Néw 3-page article describes 
how (electtonically) “K” gauged mica 
permits manufacture of small capaci- 


tors.—Perfection Mica Co., 1829 Civic 
Opera Bldg., 20 N. Wacker Drive, Chi- 
cago 6, Ill. 

Circle 578 on inquiry card. 


Teflon Rod. New 2-page Price List 
T-556 presents a variety of lengths 
and diameters of maker’s extruded 
Teflon rod.—Tri-Point Mfg., Inc., 401 
Grand St., Brooklyn 11, N. Y. 

Circle 579 on inquiry card. 


Teflon. New 14-page Catalog T-55 
describes properties and specs on 
maker’s sheets, rods, tubes, tapes and 
gaskets made from “Teflon.”—Con- 
tinental-Diamond Fibre, Newark, Del. 

Circle 580 on inquiry card. 


Brass Castings. New 4-page bulle- 
tin outlines economical uses of brass 
pressure die castings.—Titan Metal 
Mfg. Co., Bellefonte, Pa. 

Circle 581 on inquiry card. 


Bonding Agents. New 46-page bro- 
chure describes maker’s epoxy resin 
bonding agents, adhesives, potting 
compounds and metal putty.—Carl H. 
Biggs Co., 2255 Barry Ave., W. Los 
Angeles 64, Calif. 

Circle 582 on inquiry card. 
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LATA 


Cementable Teflon Tape. New 2- 
page Bulletin AD158 describes ¢e- 
mentable “Teflon” tape in thick- 
nesses as low as 0.005”.—Garlock 
Packing Co., Plastics Div., P.O. Box 
93, Camden 1, N. J. 

Circle 583 on inquiry card. 


FABRICATION 


Welding. New 8-page Bulletin GE 4- 
6028A describes and illustrates mak- 
er’s “Fullerarc” consumable electrode 
gas-shielded welding equipment or 
non-ferrous metals such as alum 1- 
um, copper, nickel, etc.—Gene.al 
Electric Co., Schenectady 5, N. Y. 

Circle 584 on inquiry card. 


Aluminizer. New 4-page Bulle7in 
405 describes and illustrates make.’s 
“Model CRS-48” aluminizer for hi: h- 
vacuum coating of TV tubes.—Kin: :y 
Mfg. Div., The New York Air Brake 
Co., 3539 Washington St., Boston “0, 
Mass. 

Circle 585 on inquiry card. 

Engravers, Fly Cutters. New 4-pzze 

Catalog features uhf coaxial wave- 
meters and includes miniature travs- 
formers, fly cutters and grinder, «1d 
nameplate engraving equipment.— 
Mico Instrument Co., 80 Trowbri«e 
St., Cambridge, Mass. 

Circle 586 on inquiry card. 


Wire Splicing. New 4-page Bulle.in 
90-B1 and describes maker’s new 
“Scotchcast” splicing kit affording 
moisture-proof splice protection for Y- 
splices in field—Minnesota Mining 
and Mfg. Co., 900 Fauquier St., ‘“t. 
Paul 6, Minn. 

Circle 587 on inquiry card. 


Work Benches. New 4-page Buiie- 
tin SC 100 describes maker’s por‘a- 
ble, self-contained, dust-free, work 
bench.—The Baker Co., Inc., May !e- 
wood, Maine. 

Circle 588 on inquiry card. 


TOOLS 


Twist Drills. New 12-page Cata og 
A presents maker’s line of carbon 
and high-speed twist drills end 
blanks.—Precision Twist Drill & }\'a- 
chine Co., 10 Woodstock St., Crys'al 
Lake, IIl. 

Circle 589 on inquiry card. 


Abrasive Wheels. New 4-page bul- 
letin No. 56-4 describes maker’s |ine 
of surface grinding wheels, and ~-x- 
plains meaning of wheel code nu- 
ie DoALL Co., Des Plains, 


Circle 590 on inquiry card. 


Dial Saw. New 4-page bulletin ‘c- 
scribes dial saw with increased cuit- 
ting range for holes up to 3%” cia. 
—Robertson and Ruth, Dial Saw Dv, 
Box 534, Elmhurst, III. 

Circle 591 on inquiry card. 


Micro Collet Chuck. New 1-p ze 
bulletin describes maker’s adjusta.le 
collet chuck for small tools.—Det: sit 
Cam & Tool Co., 2305 Goodrich A:e., 
Ferndale 20, Mich. 

Circle 592 on inquiry card. 


Hand Files. New 8-page Bull: ‘in 
356 presents maker’s line of hand 
files and production application — 
Grobet File Co. of America, ‘1c, 
Carlstadt, N. J. 


Circle 593 on inquiry card. 
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PRESSURE 
in ete _.ANDICATING 
cha ot an “= CONTROLLERS 
ace 

0, ae 
“ze 
and 

re Fischer & Porter now proudly offers 

a complete line of pressure instruments 

™ for one week shipment from stock. These 
ew accurate pressure instruments may be 
‘ used to measure vacuum pressure or gauge 
ing pressure from absolute zero to 1,000 psig. 

St. INDICATING 

, , : PRESSURE 
The pressure elements are available in TRANSMITTERS 

tle brass, 316 stainless steel, phosphor bronze and 

4 berryllium copper. Guaranteed accuracy of 

r ‘ ; , 

e- all instruments is 1% of full scale, with 


positive over-range and under-range protection 
built into each instrument. Recorders, 
recording controllers, indicators, indicating 
Ig controllers and pneumatic transmitters are 
available for one week shipment. 








ad 
a- 
al But why wait until an emergency demands : 
fast delivery? Why not get to know the entire 
ate F&P instrument line better, now? A word 
’ from you will bring completely detailed 
me information without obligation. 8 
s PRESSURE 
, RECORDING 
Fischer & Porter is in the instrument business CONTROLLERS 
ie- to assist you. Doing it expertly and well 
- has helped F&P grow. Get to know 
v., F&P better, call on F&P for a single 
instrument or a complete process 
‘ instrumentation system. 
ri 
le 
ait 
Q., 
cin F 
nd Ss FISCHER & PORTER CO. 
“~ 





376 COUNTY LINE ROAD, HATBORO, PENNA. 
PRESSURE 
RECORDERS 









For more information circle 159 on inquiry card. 















FLO-TESTED 
LONG SWEEP 


ANGLE VALVE 


HAMMEL-DAHL COMPANY 


~~) 175 POST ROAD, (WARWICK) PROVIDENCE 5, R. I., U.S. A. 


SALES OFFICES IN ALL PRINCIPAL CITIES : 
MANUFACTURING PLANTS IN WARWICK, R. I., U. S. A., CANADA, ENGLAND, HOLLAND AND ITALY 4% 
CANADIAN MANUFACTURING AFFILIATE—GUELPH ENGINEERING CO., GUELPH, ONT. 


For more information circle 160 on inquiry card. 








